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assuring you of full support and 
a 12-month warranty from the leader in advanced 8mm 
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at (804) 873-0900 
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for waiting. 
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Just a few FAST examples: 
DVME-601 Smart, fast A/D coprocessor from $1995 
• Local 68010 CPU, 256K memory 
• 165/80 channels, 12-16 A/D bits 
• RS-232 serial port, counter-timers, digital I/O 
• Fast "no-programming" command executive 
DVME-611F 14-bits, 250 KHz A/D from $1750 
• 325/16D A/D channels 
• 20/ A's optional, software PGA 
• Expandable to 256 channels 
DVME-614 1 MHz D5P /FFf "front end" from $2395 
• 4 channels with optional simultaneous sampling 
• 4096-sample FIFO memory 
• 12-14 A/D bits, choice of speed 
All boards include software, a comprehensive user's 
manual, and applications support. 
DATEL, Inc., 11 Cabot Boulevard, Mansfield, 
MA 02048 (508)339-3000 FAX (50 )339-6356 
For FREE brochure call 800-233-2765 
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No matter what 
frequencies you work, 
you want everything 
in your connectors 
that engineering can 
deliver. 
From AMP, that's a great deal. 
Our entire line delivers the advanced 
design and controlled, precision 
manufacturing you 
need for top per-
formance, and top 
productivity. That 
kind of engineering 
care is why our "old 
standards" -from duakrimp BNCs on 
, 
ats 
up-consistently exhibit Mil-
equivalent electrical characteristics. 
And you can enhance performance even 
further with a choice of 50 ohm or 
75 ohm versions. 
Our product offerings cover the 
spectrum, pushing performance on out 
your sine? 
to 26 GHz. And they do 
it time after time, with 
unbeatable consistency. 
All the while saving 
you time-on the 
line or in the field-with 
proven crimp/seal technology. 
And with AMP, you get 
the broadest selection 
available any\vhere, in 
every range. From cable 
to bulkhead and panel, right 
down to the board-and now 
including custom and semi-custom 
high-speed coax and transmission 
cable assemblies. And our field and 
Circle Reader Action No. 657 
production tooling is second to none 
in dependable, repeatable terminations. 
Call 1-800-522-6752 for technical 
liternture OIl AMP RF connectors, or for 
the name of your local AMP DNributor. 
AMP Incorporated, Hanisburg, PA 
17105-3608. 
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A piloted spacecraft performs an aerobrake maneuver over 
Martian terrain in this conceptual image. The digital model of 
Mars ' surface was generated using data from the 1970s Viking 
missions. The development of new concepts for transfer and 
landing vehicles is a key part of the Space Exploration Initiative, 
described on page 12. 
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NASA's Marshall Space Flight Center has created a 
computer program to study atmospheric pres-
sures, densities, temperatures, and winds. This 
plot was generated to analyze the upper atmos-
phere's response to a solar storm. Turn to page 35. 
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Toshowyou 
whatournew 
DataGraf recorder 
cando, 
No matter how advanced your recorder is, it still has to 
meet your most basic recording needs. That's why our neN 
DataGraf offers everything you'd expect from a computer-
based recorder-plus unique hard copy output flexibility. 
How advanced is DataGraf? It offers 16-channel recording 
capability, all in a rugged, portable package weighing less 
than forty pounds. With DataGraf, you can store events on 
disk and replay them as often as you like. You can also expand 
or compress traces, overlay signals, and even label key points. 
What's more, using advanced waveform analysis software, 
DataGraf automatically analyzes your data, virtually eliminating 
the need for manual interpolation and long-hand math. 
Whether you're interested in the entire Signal or just a specific 
section, the touch of a button will calculate 
Max/Min, Standard Deviation, 
dY/dX, RMS, and much more. 
And when it comes to seeing 
your results on paper, DataGraf 
can output your traces to hun-
dreds of printers, plotters and tradi-
tional oscillographic recorders. 
It's exactly the kind of solution you'd expect 
from Gould, a company with over fifty years of 
recorder development experience. By applying new 
technology to the real needs of today's engineers, we've 
developed a unitthat offers real advantages. Advantages 
that go beyond advanced features. Advantages you can 
put on paper. 
Send for a free DataGraf demo disk. Use the coupon below, 
or fax your request to (216) 328-7400. 
G LD 
Electronics 
NTB 11111 
Yes! I tJ like to see what DataGraf can do. Send me 
a free demo disk and product information package. 
_______ TITLE: ______ _ 
SffiEET: _______________________________ __ 
CITY: _____________ STATE: ___ ZIP: ________ _ 
PHONE: _______________________________ __ 
Send to: Gould, Inc., Test and Measurement. 8333 Rockside Road. 
Vallev VieN. Ohio 44125. or cl'Ili f?16) 3?R·70Cl0 i=a){· {71~\ ~?A_7i!N'I 
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Convert 
Computer 
Graphics 
to 
Video 
HTSC or PAL 
RGB IVideolink™ 
Scan Converters 
with Autosync 
The Link Between 
Computer Graphics 
and Television Video for 
Video Taping, Video Transmission 
and Video Teleconferencing 
• Adjustment free auto-locking 
• Full broadcast quality encoder 
and sync generator 
• Flicker elimination 
• Anti-aliasing 
• Genlock 
• Video overlays with linear keyer 
• Full 24 bit color processing 
• Composite (NTSC or PAL). S-Video. 
Y. R-Y. B-Y and RGB video outputs 
• Made in the USA 
Model 1400AX 
autosyncs to workstation 
displays (45-80 kHz) 
Model600AX 
autosyncs to EGA. VGA. and Mac 11 
d isplays (21.5-35.0 kHz) 
SPECTRUM 
2550 Ninth Street. Berkeley. CA 94710 
TEL: (415) 848-0180 FAX: (415) 848-0971 
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Block Diagram Software 
for Nonlinear Simulation 
of Dynamic Systems 
ntroducing SIMULAB, the next genera-
tion software for modelling, analyzing, 
and imulaLing nonlinear ystems. SIMU-
LAB delivers a combination of flexibility, 
ea e of use, and speed in a single package. 
• A complete set of tools for constructing 
and analyzing models of dynamic systems, 
including linear, nonlinear, discrete, contin-
uous, and hybrid sy terns. 
• The ability to de cribe models either in 
Block Diagram form or as ets of differen-
tial equations. 
• A design. analy is, and simulation environ-
ment that i eamle ly integrated with 
MATLAB'" and the MATLAB Toolboxes. 
• An intuitive graphical user interface based 
on the indu try- tandard X WmdowlMotif 
and Macintosh windowing ysterns. 
Circle Reader Action No. 503 
SIMULAB provides 
constructing and anal 
models interactively us 
down menu . You can 
of systems during a si 
you with the tools for 
yzing block diagram 
ing a mou e and pull-
explore the behavior 
mulation and interac-
, tively see how the model behaVIOr changes 
as you change it parameters. 
SIMULAB includes a comprehensive set 
of built-in blocks for creating model . In ad-
dition, SIMULAB lets you extend its func-
tionality by creating your own tools. Cus-
tomize built-in SIMULAB blocks or create 
your own as C, Fortran, or l\>1ATLAB code. 
SIMULAB delivers the flexibility to meet 
your needs. 
SIMULAB is available for a wide range of 
computers, including UNIX workstations and 
the Apple Macinto h. For more information 
on how SIMULAB can address your applica-
tion , contact The MathWorks today for a 
free information packet 
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(Top) Use the Scope block to see the "real·time" 
response of this F·14 model during the simula· 
tion; (Center) Specify simulation parameters via 
dialog boxes or the MATLA8 command line; 
(Bottom) SIMULAB takes full advantage of the 
XlMotif and Macintosh windowing systems. 
The 
MATH 
WOR~ 
~
The MathWorks, lnc. 
21 Eliot Street, South Natick, MA 01760 
Tel: (508) 653-1415 
Fax: (508) 653-2997 
Telex: 910-240-5521 
Email: info@mathworks.com 
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Editorial Notebook 
An Overwhelming 
Success 
W hen you initiate the first-ever na-
tional technology transfer conference 
and exposition, you're not sure what to 
expect. You know that you 'll feature 
the work of NASA's best and brightest 
minds, thanks to the support of top 
NASA management, but there are still 
butterflies as you go into the show. 
What happens if you give the party and 
nobody comes? 
Well, you came. As NASA Adminis-
trator Richard Truly stated in his re-
marks opening the conference, the 
response to Technology 2000 was 
"overwhelming." Some 2500 of the 
nation's leading technical minds came 
to listen, learn , and present. More than 
90 papers were presented in two days, 
covering a wide array of innovative 
technologies with commercial poten-
tial. In the exhibit area, NASA's field 
centers, other government agencies, 
and some 150 high-tech companies 
showcased technologies for transfer, 
services to help industry access and 
use technology, and examples of suc-
cessful spinoffs. 
Administrator Truly set the tone for 
Technology 2000 in his plenary ses-
sion speech: 
"We are having this conference to 
do our part to accelerate the time pe-
riod from technology generation to 
technology application. Too many times 
in the past we have waited until the 
technology generated for NASA mis-
sions was placed on the shelf before 
secondary or commercial application 
was sought and found. This process 
often took a decade or more. Given the 
fast pace at which technology develop-
ment is now moving, and the competi-
tiveness from other nations to capital-
ize on these developments, that tradi-
tional approach is simply no longer ac-
ceptable. 
"At this conference, you will be ex-
posed to some of the developments 
under way at NASA, so you may begin 
to imagine their commercial applica-
tions and get a jump start on our com-
petitors. You will also be exposed to 
the many mechanisms we have for as-
sisting you in this process. NASA is 
dedicated to keeping 'made in the USA' 
synonymous with the finest aeronauti-
cal , space-related, and high-technol-
ogy products in the world." 
Technology 2000 not only featured 
the transfer of technology from NASA 
to industry, but from other government 
agencies to the private sector ... and 
from industry back to government and 
from company to company. 
We received extensive media cov-
erage of Technology 2000, not just in 
the business and technical press, but 
also in USA Today, the Baltimore Sun, 
and a host of other newspapers, as 
well as on network and cable televi-
sion. We were surprised and frankly 
delighted to have 119 members of the 
working media register for the confer-
ence. 
As successful as Technology 2000 
was, as excited as we all were and are, 
we know it was just the beginning. 
We've already started planning for Tech-
nology 2001, which will be held at the 
new convention center in San Jose, 
CA, Dec. 3-5, 1991. We've added a 
third day to the conference and tripled 
the size of the exhibit and meeting 
areas. From the interest we saw on the 
part of exhibitors and attendees at 
Technology 2000, we think we'll need 
every inch. 
We're planning an even more ex-
tensive collection of symposia for Tech-
nology 2001 and a wide range of pro-
gram innovations. We will keep you 
apprised in this space. 
For all of you who came and partici-
pated, our heartfelt thanks. It couldn't 
have happened without you . For those 
of you who wished to come but for 
whatever reasons couldn't, I'm sorry 
you missed an exciting event. To ev-
erybody . .. see you in San Jose in 
1991 . 
The 176 exhibit booths at Technology 
2000 featured a wide array of government-
and-indus try-developed innovations, in-
cluding improved prosthetic devices for 
amputees (above), a new material mixing 
technique (below), and a dynamic posi-
tioning system (left). 
For information on obtaining the com-
plete proceedings of Technology 2000 
technical sessions, see page 24. 
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Technology 
Is Key To 
Economic 
Leadership 
Following are excerpts from the Technology 2000 keynote 
addre by Dr. D. Allan Bromley, Assistant to the President for 
Science and Technology. 
T oday, more than ever before, the 
key determinant of the strength of a 
nation's economy is the efficiency of 
that nation's technology. The differ-
ence between success and failure in 
our marketplace today often comes 
down to who has the better technology. 
If this country is going to remain an 
economic leader, then we must retain 
our leadership in technology. In those 
areas where our activities do not define 
the frontiers of technology, it is essen-
tial that we be close enough to those 
frontiers so that we are able to exploit 
new discoveries whenever, wherever 
they are made. 
I don't believe we have lost our lead 
in technology, although you frequently 
hear that point made. On the contrary, 
I wouid maintain that the United States 
has built the strongest science and 
technology enterprise the world has 
ever seen. An excellent example of our 
continued preeminence is provided by 
our host organization (for Technology 
2000), by NASA. In the last two years, 
Claritek 
NASA has had a few highly publicized 
mishaps. But mishaps are expected 
whenever you are pushing the frontiers 
of science and technology. There is no 
doubt whatsoever that NASA remains 
far ahead of any other national space 
program. It has had a dramatic impact 
on this country, through its activities 
and through the way it has changed 
how we think about ourselves. A few 
thousand years from now, when histo-
rians and archeologists look back on 
this century, the one thing they remem-
ber may very well be that wonderful 
picture of our planet taken on the way 
to the moon. That photograph has made 
clear to all of us that we share a small 
planet which is ours to cherish, ours to 
destroy. 
A Restless Society 
The United States has a restless 
society that prizes and rewards inno-
vation. Our business culture encour-
ages the formation of new companies, 
and allows successful companies to 
grow quickly and with minimal interfer-
ence. The rapid growth of the biotech-
nology industry is a case in point. In the 
1980s alone, over 400 firms were 
founded in the biotechnology area. 
These typically small firms with less 
San Diego, California - Claritek announces technologies that utilize the 
latest in computer imaging techniques and imaging communication 
applications technologies with powerful interfaces to both Apple Macin-
tosh and IBM PC platforms. The system called HeartLin/(I"M is available for 
intergration into medical institutions to provide for the real-time transfer of 
doppler ultrasound (cardiac) in the video format across standard tele-
phone lines. HeartLinkfM is compatible with Microsoft Corporation's Excel 
2.21', Microsoft Word 4.CP, and PowerPoint 2.C1' for use in a PACS environ-
ment. Claritek, with the help of FUZZY LOGIC, a La Jolla, California based 
company will be introducing an image diagnostic en-
hancement and pre-processing or screening of 
critical images to aid in diagnostic support for 
HeartLinkTM based on Fuzzy 
Logic early this spring. 
Excel. P¥hcrowft WOfd,1Uld Po ..... erPoinl or all regt~ttred 1tIdemark-., of Microsoft Corporauon. 'dacimosh IS a rtlislered of Apple Computer. loe .• IBM PC is a tegJ}lered of lnlrmauonalBusUle MachInes. Inc. 
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than 500 employees generate a vastly 
disproportionate share of the new ideas, 
products, and jobs in the U.S. 
It is important to recognize that we 
live in an age characterized by change. 
In the future the spoils are going to go 
to the quick, the smart, the tenacious. 
The massive production lines for which 
we have become justly famous are no 
longer going to be looked on as the 
paragon. What we need instead is 
greater flexibility, greater ability to match 
changing customer demands, particu-
larly in the international marketplace. 
We need to take greater advantage 
of the enormous resource that resides 
in the roughly 725 national laboratories 
we support. We have a tremendous 
challenge to get the technological know-
how that exists in our laboratories into 
the private sector. One way to go about 
this is through our support of organiza-
tions like Sematech, which is jointly 
funded by the federal government and 
private industry at a level of $200 mil-
lion a year to develop advanced manu-
facturing technology in the semicon-
ductor industry. 
Both the Administration and the vast 
majority of the House and Senate are 
convinced that we in this country are 
seriously underinvesting in R&D, in 
BUILD TO SUIT. 
Announcing Flow Charting'" 3 
Now, you can create,!!l1date and I1rint 
presentation-perfect flowcharts to your 
specifications -in no time! 
Quick to master and a snap to use, 
Patton & Patton's flowcharting software is the 
standard of both large and small businesses 
around the world-and is available through 
all major software dealers. 
See your dealer today! Or, for a 
"live;' interactive demo disk, call: 
800-525-0082, ext. 2801. S 0 f twa r e Cor p 0 rat i on 
International: 408-778-6557, ext. 2801. Excellence in charting the fLow of ideas! 
Works on IBM & 100% compatible PC's, supports CGAlEGANGA and over 150 dot matrix and laser printers. 
with muttiple print densities and 10 font sizes. Creates multi-page charts, portrait or landscape, on 
most standard paper sizes. Mouse or keyboard controlled. 
IBM is • registered trademark of International Business Machin" Corporation. 
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technology. This is something that by 
working together, even in difficult fi-
nancial times, we can improve. 
There has never been any question 
about the role of the federal govern-
ment in supporting basic research. It 
has been clear since the early days 
following World War" that no single 
institution could hope to gain a suffi-
cient amount of the benefit from any 
basic research program to justify the 
investment on its own, which leaves 
the federal government as the appro-
priate supporter for much of the basic 
research done in this country. 
It is in taking the basic research 
through to an effective product or proc-
ess that we have not fared as we" in the 
competitive marketplace as we should. 
The Bush Administration feels very 
strongly that the federal government 
has a major role to play in working with 
industry to take those basic discover-
ies and move them through the pre-
competitive development phase for a 
whole array of generic technologies, 
because there too no single institution 
can hope to gain sufficient benefit, 
sufficient profit to justify their sole support 
of the development that's required. By 
sharing the risks, we can speed up the 
process and enable our industry to 
compete on a more level playing field 
with the rest of the world . 
Long-Range Planning Needed 
An important activity in my office 
right now is the work of the National 
Critical Technologies Panel, which has 
been tasked with merging the two lists 
of critical technologies released during 
the past year by the Defense and 
Commerce departments. The panel has 
been asked to specify where we are 
with respect to the rest of the world in 
each of these technologies, and then 
to make recommendations for action 
that should be taken to improve our 
relative stance, to improve our utiliza-
tion of these technologies, and to more 
effectively take advantage of areas 
where we have leading positions. 
In the federal government and in the 
private sector, our long-range strategic 
thinking is not as we"-developed as it 
should be. We're prepared in the Bush 
Administration to help, and we look on 
industrial competitiveness as one of 
the most pressing of the nation's prob-
lems. But we deeply believe that we as 
government are not nearly as we" 
qualified to make the strategic deci-
sions for industry as is industry itself, 
nor do we believe that economic trans-
fusions in the absence of such strate-
gic plans are any solution at a". 0 
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A View To The Future 
In the plenary session entitled "A View to the Future, " NASA 
managers described prime space missions that will be generating 
new technologies for the 21st century. Following are excerpts 
from Dr. Jeffrey Rosendahl's talk on the Space Exploration 
Initiative (SEI), which looks to the establishment of a moon 
base followed by a piloted mission to Mars. Dr. Rosendahl 
Dr. Jeffrey Rosendahl is deputy director of NASA's Office of Exploration. 
Cut MCAE Costs Without Cutting 
Capabilities or Performance 
a :n~!\!!n~/M 
---------
-- - -- -- - --
Modeling and FEA on your ·PC, Mac II or Workstation 
ANALYSIS: FEATURES: 
• STATICS: Linear and NOlilinear • H/P METHOD 
• DYNAMICS: Linear and Nonlinear • AUTOMATIC ADAPTIVE MESHING 
• HEATTRANSFER • 15.000 NODES 60.000 D.OJ. 
• FLUID FLOW: 3~. TUibulent. Compressible • SUBSTRUCTURING 
Free 
Offer: 
213·452 .. 2158 
for a 1"'1'" 1m SRAC send jill a FREE 1110 
nodelillO<J1g......,olCOSMOS/MwtlldJ"' .. nabl. 
jill 10 nil '/fU ... SlaIIOS. ~andtralms1" 
prcbIems Intrmtay use< gUIde plus ~ and 
tmftI1g I", U100 
• ELECTROMAGNETICS 
• FATIGUE 
• CRASH DYNAMICS 
• COMPOSITE/SANDWICH 
• CAD INTERFACES 
IGfS and OXf® Input 
• ANSYS8. NASTRAN® and 
• NONLINEAR: Plasticity. Large Str.lin. etc. PATRAN8 TRANSLATORS Dealer Inquiries Welcome 
• KINEMATICS <" .J.: .J..:?. . .. . ~ / 
FEA SYSTEM FROM $995 U~~
A N D ANALYS I S CORPOR A TION 
'*SIS ... _ -. ~ __ s,...,. _ ... ox> ....... -.... 1661 Lmcoln Blvd.lSte 200/Santa MOl1lca. CA 90404 USA 
=:':S~"'." __ .'ASA _ ... __ .""'- TEL 12131 452-2158/TLX. 705578/FAX: 12131399-6421 
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O n July 20, 1989, President Bush , 
speaking on the twentieth anniversary 
of the Apollo moon landing, estab-
lished a major ~ew direction for the 
U.S. space program when he offered 
the challenge to NASA and the nation 
to return to the moon-this time to 
stay-and then to journey into 
tomorrow with a manned mission to 
Mars. 
What is it going to take to accom-
plish all this? First, we are going to 
have to be able to get off the ground. 
The space shuttle will continue to play 
an important role in the program as a 
transporter of people, but we're going 
to have to learn how to get very large 
pieces of cargo into orbit. Heavy-lift 
launch capability is going to be an 
important element in implementing 
the Space Exploration Initiative. Some 
of the current types of expendable 
launch vehicles are going to play an 
important role as well. 
There are a variety of things we 
will need to be able to do in low-Earth 
orbit, some involving research in 
space medicine, in qualifying humans 
for long-duration space flight, using 
the space station. If we are going to 
Mars, we'll have to develop measures 
to deal with the problems of adapting 
to the low-gravity environment, or 
we're going to have to use artificial 
gravity. There are all sorts of interest-
ing medical questions that could have 
spinoff in understanding basic 
questions in medical techniques here 
on Earth. 
We're also going to have to 
validate servicing, replacement, and 
maintenance techniques. We may 
wind up evolving the space station to 
carry out a variety of tasks in assem-
bly and maintenance. The station may 
prove critical for the assembly of 
transfer vehicles which would provide 
routine transit between the moon and 
(Continued on page 60) 
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Technology Showcase 
A sample of the more than 200 innovative products featured at Technology 2000 
High Tech Basic (HTBasic), a 
PC-based engineering BASIC 
displayed by TransEra Corp., 
Provo, UT, offers high-level 
graphic capabilities, GPIB and 
printer support, and HP BASIC 
compatibility while running at 
speeds comparable to higher-
priced workstations. HTBasic 3.0 
features BASIC-compatible 
instrument and program 
commands, complex numbers, 
loadable device drivers, interna-
tional character support, and 
syntax extensions. 
Structural Research and Analysis 
Corp., Santa Monica, CA, 
demonstrated a Macintosh 
version of the COSMOSIM®fin ite 
element analysis system. 
Version 1.61 allows analysis on 
models with up to 15,000 nodes 
and 60,000 degrees of freedom. 
The system offers increased 
analysis capability with two new 
modules: EST AR for electromag-
netic analysis, and FLOWSTAR 
for fluid flow analysis. The Phototror®, a biological water 
and air reclamation and 
recycling chamber, was pre-
sented by Pyraponic Industries 
Inc., San Diego, CA. The system 
produces potable water and food 
using the natural filtering of plants; 
it can manufacture one gallon of 
potable water every 24 hours. 
Proposed for use on space station 
Freedom, the Phototron could help 
sustain human life in space over 
long periods by recycling urine 
through plant transpiration to 
produce pure drinking water. 
A new flowcharting software 
program for IBM PCs displayed 
by Patton & Patton Software 
Corp., Morgan Hill, CA, allows 
creation of 300 dpi printer output 
in normal, compressed, or ultra-
compressed chart densities. Flow 
Charting 3 features "point and 
shoot" file management, and on-
line help screens. The software 
requires 512K of memory and a 
CGA, EGA, VGA, or Hercules 
Graphics card. 
Tiodize Co., Inc. , Huntington Beach, CA, 
presented a self-lubricating composite 
material with long wear life, low coefficient 
of friction, and no creep at 30,000 psi/600° 
F loads. Suited for bearings, bushings, 
thrust washers, wear pads, and other 
applications, TRIBO/COMP® TDF is one-
fifth the weight of steel and one-half the 
weight of aluminum. 
Claritek, San Diego, CA, exhibited the 
Heartlink™ system which provides for 
the real-time transfer of doppler 
ultrasound (card iac) in the video format 
across standard telephone lines. 
Available for integration into medical in-
stitutions, Heartlink is compatible with 
Microsoft's Excel 2.2®, Microsoft Word 
4.@, and PowerPoint 2.@ for use in a 
PACS environment. 
Nicolet Test Instruments, Madison, WI , 
demonstrated NIC500 version 6.0, a 
Microsoft Windows 3.0-based software 
application for the System 500 
multichannel waveform acquisition and 
analysis system. Nicolet also showcased 
TAC software for the 400 Series 
oscilloscope. The TACT programming 
system consists of a LEARN function, 
built-in BASIC language, and a full -
screen editor. 
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All the features of 
HPBASIC, and more. 
For less. 
-- ---
~ 
---~-
--= -==-==- ~ -----====== 
IIT8asir 8ASIC FE.unms: III> 8ASIC 
YES IEEE-488 GPIB (HP-IB), RS-232 Instrument Control YES 
YES Integrated Environment: Mouse, Editor, Debugger, Calculator YES 
YES Supports 16 Megabytes of Memory (breaks DOS 640K barrier) YES 
YES Engineering Math: Matrix Math, Complex Numbers YES 
YES High Level Graphics: Screen, Plotter, Printer YES 
YES Structured Programming with Independent Subprograms YES 
YES Runs on Industry Standard Personal Computers NO* 
YES Industry Standard Graphic Printer Support: Epson, IBM, lasers, etc. NO 
YES Industry Standard Network Support: Novell, IBM, Microsoft, NFS, etc. NO 
YES Industry Standard IEEE-488 Support: National Instruments, IOtech, etc. NO 
YES Exchange data files with Industry Standard PC applications NO* 
YES No-charge Thlephone Thcbnical Support NO 
YES Instant on-line HELP system NO 
A Costly Situation. Every engineer neOOs the power and fearure; of a "Rocky Mountain" BASIC workstation, but not everyone can 
have one. They simply aN: too much. Fewer workstations, less productivity The Best ~ 1l'ansEra HTBasic software provide; the 
onJy W'irf for serious technical oomputer users to turn their PC into a workstation without having to add <XN:Iy hardware. fuwerful 
workstations for everyone meanc; greater productivit)! Extraordinary Versati.l.itl' In addition, 1hlnsEra HTBasic works with the 
Industry Standard fusonal Computer hardware, software, and networks. It even allows you to easily exchange data t6ween your 
famrite DOS progrnms and the fi]~ you create in the BASIC workstation environment All at a fraction of the aN: of other 
solutions. 
More oompatibility More versatility More ~ilities. 
Less expense. Less hassle. 
10 find out more, cilll-801-224-6550. Engineering Excellence for 15 Years TM 
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New Produclldeas 
New Product Ideas are just a 
few of the many innovations 
described in this issue of NASA 
Tech Briefs and having promis-
ing commercial applications. 
Each is discussed further on the 
referenced page in the appropri-
ate sections in this issue. If you 
are interested in developing a 
product from these or other 
NASA innovations, you can 
receive further technical informa-
tion by requesting the TSP 
referenced at the end of the full-
length article or by writing the 
Technology Utilization Office of 
the sponsoring NASA center 
(see page 18). NASA's patent-
licensing program to encourage 
commercial development is 
described on page 18. 
Multiple·Quantum·Welllnter· 
subband Infrared Detector 
A proposed multiple-quantum-well de-
vice would be a stack of substacks, each 
of which would contain quantum-well 
layers sensitive to a different narrow band 
of wavelengths. The device would detect 
photons over a broader range of wave-
lengths than present multiple-quantum-well 
infrared detectors. 
(See page 25) 
Polyphenylquinoxalines via 
Aromatic Nucleophilic 
Displacement 
A process for the synthesis of poly-
phenylquinoxalines (PPQ's) involves 
nucleophilic displacement reactjons of 
di(hydroxyphenyl) quinoxaline monomers 
with activated aromatic dihalides. The proc-
ess facilitates the synthesis of new PPQ's, 
which are useful as adhesives, coatings, 
films , membranes, and matrices for 
composites. 
Color video images from inside vacuum chambers 
16 
• As low as 10·g torrs 
• Magnified images 
• Focus from close-up to infinity 
• Couple to any C-Mount video 
camera 
Flexible fiberscopes and rigid 
borescopes are unique optical 
instruments that let you see sharp, 
clear, color video images of events 
inside vacuum chambers and 
document them on video tape. 
All Olympus vacuum scopes need 
for penetration is a minimum of 
2 3/4 inch flange. 
Observe close-up magnified 
semiconductor wafers during 
processing, position objects under 
SEM observation, investigate new 
aspects of in-situ spectroscopy, and 
a host of other scientific tasks. 
• In-situ spectroscopy 
• Image enhancement and 
analysis 
• White light, strobe , UV, 
infrared, laser frequencies 
Illuminate the site with a wide 
range of light frequencies 
carried by the fiberoptic light 
guide system. Study motion 
with stroboscopiC illumination. 
Enhance images wth Olympus 
software. 
For more information call or write: 
Olympus Corporation, 
Industrial Fiberoptics Division 
4 Nevada Drive 
Lake Success. N.Y. 11042-1179 
Tel : 516·488-5888. 800-446-5260 
FAX: 516-488-3973 
OLYMPUS 
INDUSTRIAL 
For Immediate Attention Circle No. 424 
For Literature Circle No. 425 
(See page 32) 
Membrane Bioreactor 
With Pressure Cycle 
An improved class of multilayer mem-
brane bioreactors uses convection forced 
by differences in pressure to overcome 
some of the diffusional limitations of prior 
bioreactors. In new reactors, a flow of nu-
trient solution reduces adverse gradients 
of concentration, keeps cells supplied with 
fresh nutrient, and sweeps away the prod-
ucts faster than in bioreactors using 
diffusion. 
(See page 55) 
Heterojunction·lntemal· 
Photoemission Infrared 
Detectors 
Heterojunction-internal-photoemission 
infrared photodetectors have been pro-
posed for incorporation into planar arrays 
in imaging devices that are required to 
function well at wavelengths from 8 to 17 
p.m and at temperatures above 65 K. The 
proposed photodetectors would add new 
options to the design of imaging devices 
and could be built into integrated circuits 
that also include silicon multiplexer/readout 
circuits. 
(See page 22) 
Lightweight Substrates 
for Mirrors 
A conventional quasi-isotropic fabric 
laminate with a surfacing layer of carbon-
fiber paper consisting of randomly oriented 
chopped carbon fibers is proposed as new 
mirror substrate for space-based instru-
ments. The substrate is lightweight, ther-
mally and mechanically stable, and resis-
tant to degradation from radiation. 
(See page 32) 
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McDonnell Douglas selects truly open dIltabase to SUPPOlt NASA Space Station effort. 
ASA upport environment, you 
have to be flexible enough to work on 
many types of computer systems. These in-
clude VAX. mM and UNIX-based systems. 
That' one reason why McDonneU 
Douglas Space Systems Company cho e 
ORACLE as its Space Station database 
olution. 
No database provides more choices and 
is more open. It run on virtuaUy every 
PC, mini and mainframe, regardJes of 
operating system, software or network. 
C 1990 Oracle Cotporabon ORACLE Is a reg_ad trademarI< of Oracle Cotporalion. AI nghIs reselVed PMled III the U S .A 
Becau e the Space Station program is 
truly an integrated. long-term, nationwide 
effort. it is information intensive. 
McDonnell Douglas uses ORACLE to 
capture. tore. organize and share approxi-
mately a gigabyte of vital Space Station 
de ign information. 
ORACLE's ability to handle massive 
amount of data i unmatched. Flexible 
sorts and election of pecific data group 
become easy. And straightforward 
command procedures accelerate data 
comparison and manipulation. 
Equally important, a wide variety of 
Oracle software tools can be mixed and 
matched as needed without compati-
bility problems. 
Oracle Corporation is proud to 
play an important role in the 
structural development of the 
Space Station. A truly open 
database is helping to open a 
universe of po sibilities. 
OR 
To find out more 
about Oracle, call 
1-800-633-0584, ext. 
6727. Authorized ADP 
Schedule Price Li t 
Contract o. GSOOK 88 
AGS5937. 
And begin your 
immediate ascent to new 
technological heights. 
FEDERAL 
Compatibility ' Portability · Coooectability 
Circle Reader Action No. 494 
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HOW YOU CAN BENEFIT 
FROM NASA's 
TECHNOLOGY 
UTILIZATION 
SERVICES 
If you',e a ,egular reader of TECH BRIEFS. then you',e already mai<lng use 01 
one of the lOw-and no-rost setV1C8sprovlded by NASA s Techoology Ut I zat,on 
(TU) Networ!< But a TECH BRIEFS subscriptIon represenls on y a ractlOn of 
the echnlCatlnlormallOn and appllea IOns eng neellng serv>ees offered by the 
TU etwOfk as a whole In fact en a of the components of NASA s 
Technology U~ lZabon Networl< are consIdered, TECH BRIEFS represents 1M 
proverbtal tIP of the ICeberg 
We've out! ned belOw NASA's TU Netwo,k-named Ihe par\JClpanlS, de· 
scnbed Ihelr setV1C8S and ~sted 1M IndIviduals you can contact lor more 
Informallon relatIng to your SpeCIfIC needs We encourage you to make use of 
the informatIOn, access. and applICatIons servIces offered by NASA's Tectmol· 
ogy UtilizatIon Network 
How You Can Utilize NASA's Industrial Applications Centers---A nationwide network offering a broad 
range of technical services, including computerized access to over 100 million documents worldwide. 
y ou can contact NASA's network of Industrial Applications Centers (lACs) for assistance In solving a speclflc technical problem or meeting your information needs. The ·user friendly" lACs are staffed by technology transfer experts who provide computerized information retrieval from one of 
the world's largest banks of technical data. Nearly 500 computerized data bases. ranging from NASA's own data base to Chemical Abstracts and INSPEC, 
are accessible through the ten lACs located throughout the nation. The lACs also offer technical consultation services and/or linkage with other experts 
in the field . You can obtain more information about these services by calling or wnllng the nearest lAC. User fees are charged for lAC information services. 
Aerospace Research 
Center (ARAC) 
IndIanapolis Cenler for Advanced 
Research 
611 N. Capliol Avenue 
IndIanapolis, IN 46204 
Dr. F. T,mothy Janis, Director 
(317) 262-5036 
Central Industrial Applications 
CenterlNASA (CIAC) 
Rural Enterprises, Inc. 
Post Office Box 1335 
Durant, OK 74702 
Dr. DIckIe Deel. Dllector 
(405) 924-5094 
(800) 658·2823 (lolI·free U.S.) 
Science and Technology 
Research Center (STRC) 
Post Office Box 12235 
Research T nangle Par!<, 
NC 2n09·2235 
H.L. (Lynn) Reese. Dllector 
(919) 549·0671 
NASA Industrial Applications 
Ctr. 823 William PIn Union 
UniverSIty 01 Pinsburgh 
Pinsburgh. PA 15260 
Lanl Hummel 
Executive Director 
(412) 648· 7000 
Southern Technology 
Applications Center (STAC) 
Post Office Box 24 
Progress Clr.. One Progress Blvd 
Alachua. FL 32615 
J. Ronald Thomton. Dllector 
(904) 462-3913 
(800) 354·4832 (FL only) 
(800) 225·0308 (toll· free US) 
NASAJUK Technology 
Technology Applications Center 
Unlverslly 01 Kentucky 
109 KInkead Hall 
LeXIngton. KY 40506·0057 
Wilham R. Strong, Dllector 
(606) 257·6322 
NERAC, lnc. 
One Technology Dnve 
Tolland, CT 06064 
Dr. DanIel U, Wilde, President 
(203) 872·7000 
Technology Application Center 
(TAC) 
UnIversIty 01 New MeXICO 
Albuquerque. NM 87131 
Dr. Stanley A MoraIn. Dllector 
(505) 2n-3622 
NASA IndusIriaf Applications 
Cenler 
UniversIty 01 Southern CalifornIa 
Research Annex 
3716 Soulh Hope Street 
Los Angeles. CA 90007-4344 
Robert Star!<. Director 
(213) 743-6132 
(800) 642·2872 (CA only) 
(800) 872·74n (toll-free US) 
NASAISU Industrial Applications 
Center 
Southern UniversIty Department 
01 Computer SCIence 
Post OfilCe Box 9737 
Baton Rouge. LA 70813-9737 
Dr. John Hubbell, Dllector 
(504) nl -6272 
(504) nl·4950 
If you represent a public sector organization with a particular need, you can contact NASA's Application Team for technology matching and problem solving 
assistance. Staffed by professional engineers from a variety of disciplines, the Application Team works with public sector organizations to identify and 
solve critical problems with existing NASA technology. Technology Application Team, Research Triangle Institute, P.O. Box 12194, Research 
Triangle Park, NC 27709; Doris Rouse, Director, (919) 541-6980 
How You Can Access Technology Transfer Services At NASA Field Centers: 
Technology Utilization Officers & Patent Counsels-Each NASA Field Center has a Technology Utiliza-
tion Officer (TUO) and a Patent Counsel to facilitate technology transfer between NASA and the private sector. 
If you need further information about new technologies presented in NASA Tech Briefs, request the Technical Support Package (TSP). If a TSP is 
not available, you can contact the Technology Utilization Officer at the NASA Field Center that sponsored the research. He can arrange for 
assistance in applying the technology by putting you in touch with the people who developed it. If you want information about the patent status of a 
technology or are interested in licenSing a NASA invention, contact the Patent Counsel at the NASA Field Center that sponsored the research. Refer 
to the NASA reference number at the end of the Tech Brief. 
Ames Research Ctr. 
Technology Utlhzation 
Officer: Laurance Mllov 
Mall Code 223·3 
MoHen Field, CA 94035 
(415) 604-4044 
Patenl Counsel 
Darrell G. Brekke 
Mad Code 200·11 
MoHen Field, CA 94035 
(415) 604-5104 
Lewis Research Center 
Technology Utlllzauon 
OffICer Anthony F. 
Ratalczak 
Mall Stop 7·3 
21000 Brookpar!< Road 
Cleveland, OH 44135 
(216) 433·2225 
Patent Counsel : 
Gene E. Shook 
Mall Code LE·LAW 
21000 Brookpar1< Road 
Cleveland, OH 44135 
(216) 433·5753 
John C. Stennis 
Space Center 
Technology Utilizallon 
Officer: RIChard A 
Galle (acting) 
Code HA·32 
Stennis Space Center. 
MS 39529 
(601) 688·1929 
John F. Kennedy 
Space Center 
Technology UullZation 
Officer: Thomas M. 
Hammond 
Mall Stop PT·PMO·A 
Kennedy Space 
Center. FL 32899 
(407) 867-3017 
Palent Counsel: 
James D. Harrell 
Mall Code PT· PAT 
Kennedy Space 
Center. FL 32899 
(407) 867-2544 
Langley Research Ctr. 
Joseph J. Mathis Jr. 
Deputy Head. TU OHice 
Mail Stop t 39A 
Hampton. VA 23665 
(804) 864-2484 
Patent Counsel: 
George F. Helfrich 
Mad Code 279 
Hampton. VA 23665 
(804) 864·3523 
Goddard Space Flight 
Center 
Technology UtilizatIon 
OffIcer Donald S. 
Fnedman 
Mall Code 702.1 
Greenbelt, MD 20nl 
(301) 286·6242 
Patent Counsel: 
R Dennis Marchant 
Mail Code 204 
Greenbeh. MD 20nl 
(301) 286·7351 
A Shortcut To Software' COSMIC For software developed With 
NASA funding, contact COSMIC. NASA's Computer Software Manage-
ment and Information Center. New and updated programs are an· 
nounced In the Computer Programs section. COSMIC publishes an 
annual software catalog. For more Information call or write: COSMIC , 
382 East Broad Street, Athens, GA 30602 John A. Gibson, Oir., (404) 
542-3265. 
Jet PropulSion Lab. 
NASA ReSIdent Office 
Technology Ullhzatlon 
Officer: Ani HusaIn 
Mall Stop 180·80 t 
4800 Oak Grove Drive 
Pasadena. CA 91109 
(818) 354-4862 
Patent Counsel' 
Thomas H. Jones 
Mall Code 180-801 
4800 Oak Grove Drive 
Pasadena, CA 91109 
(818) 354-5t79 
TechnolOgy UUllzatlon 
Mgr. for JPL. Dr. Nor· 
man L. Chalfin 
Mail Stop 156-211 
4800 Oak Grove Dnve 
Pasadena, CA 91109 
(8t8) 354·2240 
George C. Marshali 
Space Flight Center 
Technology UtIlizatIon 
Officer: Ismail Akbay 
Code ATOI 
Marshall Space RIght 
Center, 
AL 35812 
(205) 544-2223 
Fax (205) 544-3151 
Patent Counsel: 
BIll Sheehan 
Mall Code CCOI 
Marshafl Space Fhght 
Center. 
AL 35812 
(205) 544·0021 
Lyndon B. Johnson 
Space Center 
Lyndon B. Johnson 
Technology UtilizatIon 
OffICer. Dean C. Glenn 
Mall Code IC·4 
Houston, TX 77058 
(713) 483·3809 
Palenl Counsel 
Edward K. FelO 
Mail CodeAL3 
Houston. TX 77058 
(713) 483·4871 
NASA Headquarters 
Technology Uhllzat,on 
OffICer. Leonard A. Auh 
CodeCU 
WashIngton. DC 20546 
(202) 557·5598 
AsSIstant General 
Counsel for Patent 
Maners Robert F. 
Kempf, Code GP 
WashIngton, DC 20546 
(202) 453·2424 
If You Have a Question. NASA Scientific & Technicallnfor-
mation Facility can answer questions about NASA's Technology 
Utilization Network and its services and documents. The STI staff 
supplies documents and provides referrals. Call, wnte or use the 
feedback card In thiS issue to contact: NASA Scientific and Technical 
Information FaCility, Technology Utilization Office, P.O. Box 8757, 
Baltimore, MD 21240·0757, Walter M. Heiland, Manager, (301) 859-
5300, Ext. 245. 
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With the Series WX we've tamed 1000 watts of high 
voltage DC power into 5.25 inches and less than 30 
pounds. Output voltages, depending on the model. 
range from 0 to 1 kV through 0 to 75 kV. They'll do 
what you tell them to do, too, with either local or 
remote commands. And with hardly a snarl. thanks 
to our high frequency pulse-width modulation that 
lowers stored energy ... protecting you, your load, and 
your instrumentation. 
Purrformance is excellent. Voltage regulation is 
0.005 % for line variations, and current regulation is 
better than 0.05% from short circuit to rated voltage. 
Ripple is less than 0.05% at full load. And, like any 
cat. they're qUick ... output rise and decay time 
constant is less than 50 milliseconds with a 50% 
resistive load. 
1b curb any aggressiveness, we've included safety 
interlock terminals, a remote TTL-level enable/ 
disable input. and automatic crossover between volt~ 
age and current regulation as the load demands. 
Surge limiting and fast-acting control circuits protect 
against arcs, shorts, and overloads. 
Call for more information ... and discover for yourself 
that the Series WX is a real pussycat! 
. 
• 
• 
• 
-:- Series WX are also available with digital voltage and 
current meters or with a 
blank panel for OEM/systems 
applications. making them 
compatible with most 
environments. 
Innovations in high voltage power supply technology. 
GLASSMAN H GH VOLTAGE I C. 
GLASSMAN U.S.A. 
Glassman High Voltage. Inc. 
P.O Box 551 
Route 22 East 
Salem Industrial Park 
Whitehouse Station. NJ 08889 
U.S.A. 
Telephone: (908) 534-9007 
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~~ Reinforced Positive Filler Paste for Lead/Acid Batteries 
Lead-coated glass fibers would extend the battery life. 
NASA's Jet Propulsion Laboratory, Pasadena, California 
Lead-coated glass fibers have been pro-
posed as an additive to the positive paste 
used in leadlacid batteries. The fibers are 
expected to improve both the electrical 
and the mechanical properties of the posi-
tive battery electrodes, thus extending the 
lives of batteries during repeated chargel 
discharge cycles. 
The positive electrode is the plate that 
normally fails in deep-cycle applications. 
N5 the battery is cycled, the positive paste 
softens and eventually causes the battery 
to fail. In the proposed scheme, the lead· 
coated glass fibers would be mixed with 
the paste before the paste is applied to the 
positive electrode. After the electrode is 
cured, the fibers would reinforce the elec-
trode, somewhat like the steel rods in re-
inforced concrete. The fibers would also 
provide electrical paths in a discharged 
electrode, thus preventing the poorly con-
ducting discharged active material from 
becoming electrically isolated. 
Shown in the figure is the cross section 
of a typical positive battery plate pasted 
with a mixture of lead-coated glass fibers 
and active material. The fibers would be 
distributed uniformly throughout the 0.1-in. 
(2.5-mm) thickness of the plate. 
The distance between the grid wires of 
the plate would be 0.2 in. (5 mm). The di-
ameter of the glass fibers with lead coating 
would be 0.01 in. (0.25 mm), while the 
diameter of the glass fibers without the 
lead coat would be 0.004 in. (0.1 mm). The 
fibers, chopped to an average length of 
0.1 in. (2.5 mm), would occupy about 2 per-
cent of the volume of the active material. A 
pellet of active material between the grid 
wires would contain approximately 25 fi-
bers. 
The addition of fibers to the positive 
paste could be beneficial in several ways. 
One result could be a reduction in weight 
obtained by an increase in the distance be-
tween the grid wires of the positive plate. 
The fibers would reduce the electrical re-
sistance of the plate so that a greater por-
tion of the plate could be converted to lead 
dioxide. Because lead on the fibers would 
be charged during the formation of the 
plate, a corrosion layer of lead dioxide 
would form on the fibers. The corrosion 
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SECTION A·A MAGNIFIED 
A Mixture of Lead·Coated Glass Fibers and Positive Paste would form pellets of active 
material between the grid wires of the positive battery electrode. The fibers would contribute 
to the charge capacity, electrical conductivity, and mechanical stability of the electrode. 
layer would act to provide a good electrical 
and mechanical interface with the active 
material. 
This work was done by Dean B. 
Edwards and Wally E. Rippel of Caltech for 
NASA's Jet Propulsion Laboratory. For 
further information, Orcle 51 on the TSP 
Request Card. 
In accordance with Public Law 96-517, 
the contractor has elected to retain title to 
this invention. Inquiries concerning rights 
for its commercial use should be ad-
dressed to 
Edward Ansell 
Director of Patents and Ucensing 
Mail Stop 30~6 
California Institute of Technology 
1201 East California Boulevard 
Pasadena, CA 91125 
Refer to NPO-16991, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 
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One thing NASA 
andmodeni · 
have in common: 
Seikosha video printers. 
0 1990, Seikosha America, Inc., 10 Industrial Ave., Mahwah, NJ 07430 
The high-resolution 
Seikosha VP-3500. 
It was Seikosha, a Seiko Group company, 
that invented the first video printer in 1979. 
And it was Seikosha that understood the 
importance of making a video printer with 
a line rate high enough for applications 
ranging from MRI to electron microscopy 
to industrial QC/QA. 
The hard copy images NASA produced 
on the VP-3500 from geostationary satellite 
transmissions were used by the last four 
Space Shuttle crews. 
Our 1280-line, 
multi-format video printer 
can make things 
perfectly clear. 
The bottom line for any application is 
picture quality. And the VP-3500's bottom 
line is very impressive. 
The Seikosha VP-3500 gives you 1280 x 
1240 resolution with full 64-tone gray-scale 
prints from any video source: NTSC, PAL, 
SECAM and RS-170. Plus you can choose 
multi-format prints. 
Let us introduce you to the video printer 
with the resolution good enough for 
modern medicine and NASA. 
For a demonstration, or additional 
information on the Seikosha VP-3500, call 
1 800-338-2609 or 1 201-327-7227. 
SEIKOSHA 
A SElliO GROUP COMPANY 
Serious printers for serious business. 
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~~ Heterojunction·lnternal·Photoemission Infrared Detectors 
A new type of photodetector would add options for the design of imaging devices. 
NASA's Jet Propulsion Laboratory, Pasadena, California 
Heterojunction'internal'photoemission 
(HIP) infrared photodetectors have been 
proposed for incorporation into planar ar-
rays in imaging devices that are required 
to function well at wavelengths from 8 to 
17 J.Ull and at temperatures above 65 K. 
The ability to fabricate specially tailored 
heterostructures containing elements from 
groups III and V of the periodic table has 
opened up the possibility of making these 
and other new optoelectronic devices. The 
proposed photodetectors could be built in-
to integrated circuits that also include sil-
icon multiplexerlreadout circuits. 
Detection would occur via photoemis-
sion 9f electrons over heterojunction bar-
riers. In a representative detector of this 
type, the heterojunction would be incor-
porated into an appropriately doped struc-
ture. The heterojunction could be formed, 
for example, between heavily electron-do-
nor-doped (n +) InxGa,_xAs and GaAs 
(see figure). By selection of the composi-
tion x one could set the height, t/>, of the 
energy barrier for electrons and make it 
correspond to the cutoff wavelength, hc' 
according to hc = hclt/>, where h is 
Planck's constant and c is the speed of 
light. For operation in the long-wavelength 
infrared region of interest, one would typi-
cally choose x ,., 0.1. 
Unlike some quantum-well infrared de-
tectors, the proposed devices could detect 
radiation that impinged perpendicularly to 
the plane of the heterojunction. Incident 
photons would excite free electrons from 
the occupied energy states of the degen-
erate n + InxGa1_xAs layer to the higher 
energy states in the continuum of the con-
duction energy band. If the distance be-
tween a photoexcited electron and the bar-
rier were of the order of a mean free path 
for inelastic scattering and the electron 
were excited with an energy > t/>, then 
there would be a high probability that the 
electron would cross the barrier and be 
collected. 
The undoped GaAs layer adjacent to 
the heterojunction would constitute a bar-
rier region with a built-in electrostatic field 
that would terminate at an interface with 
an n + GaAs layer. The electrons that 
cross the barrier would be swept by this 
field into the n + GaAs layer, where they 
would be collected. This effect would be 
identical to the photovoltaic effect in p/n-
junction or Schottky-barrier devices. 
Therefore, with the addition of suitable con-
tacts, photodetectors of this type could be 
operated as photovoltaic detectors, and 
imaging arrays of them could provide di-
22 
Electron 
Energy 
n+ GsA. 
Collection 
Layer 
Depth Into Material 
ENERGY DIAGRAM OF HIP STRUCTURE 
Metal n+ In,Gal_ ,As 
Contact Common 
• ~~~~~!;~~ji~~~~~~~;:~~Me§ta~I~~ t Contact 
Incident Ught ARRAY OF HIP PHOTODETECTORS 
Metal n+ In,Gal_,As G,AS n7aAS Transition From n+ In,GaAs 
~ ~.-L....L~n+ In,Gal_,As I n + In,Ga l - ,As 
Electron 
Energy 
Depth Into Material 
ENERGY DIAGRAM OF STACKED HIP DETECTORS 
In an HIP Infrared Photodetector, photoexclted electrons would cross an energy barrier 
at a heterojunction and be swept toward a collection layer_ An array of such detectors 
could be made by etching mesa structures. HIP layers could be stacked to Increase quan-
tum efficiency. 
rect outputs to multiplexerlreadout circuits, 
without having to apply bias voltages to 
the arrays. 
It would be relatively easy to form the 
electrical contact between the InxGa1_xAs 
layer and an outer metal layer, especially 
if the composition x were increased near 
the metaUsemiconductor interface to make 
an ohmic contact of low resistance. The 
thickness of the n + InxGa,_xAs layer 
should be kept approximately at the 
electron-scattering mean free path to max-
imize the quantum efficiency. An array of 
mesa picture-element detectors could be 
etched by standard photolithography, as 
shown in the middle of the figure. In this 
configuration, radiation may be incident 
from the back side of the transparent, 
semi-insulating GaAs substrate and be 
reflected from the front metal contacts, 
thus providing two passes through the ab-
sorbing n + InXGa1_xAs layer. The com· 
mon contact to the GaAs n layer could be 
placed at a peripheral point from the front 
side. 
The quantum efficiency of an HIP infra-
red detector 'hOOk:! be limited I:7i the thinness 
of a single n+ InxGa1_xAs absorbing layer. 
With suitable doping and matching of 
layers, detectors could be stacked to in-
crease quantum efficiency, as shown at 
the bottom of the figure. 
This work was done by Joseph Maser-
jian of NASA's Jet Propulsion Labora· 
tory, Center for Space Microelectronics 
Technology. For further information, Circle 
122 on the TSP Request Card. 
Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, NASA Resi-
dent Office-JPL[see page 1B}.Refer to 
NPQ-17B79 
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~J Self·Osciliating Inductive Boost Regulator 
Features include optical coupling and rapid response. 
Goddard Space Flight Center, Greenbelt, Maryland 
M ifTl)rOled \01age regulator is designed 
for use in a solar photovoltaic dc power 
system utilizing a flywheel for energy stor-
age. The voltage regulator includes a self-
oscillating inductive voltage-boosting cir-
cuit, which regulates the withdrawal of 
energy from the flywheel and motor/gen-
erator when the output of the solar cells 
is insufficient to maintain the load voltage 
at the specified level of 150 Vdc. 
100 pF 
5'0g 
9. k2 
Array of 
SoLar PhoIO't'Oltak: 
Cells 
Load 
The voltage-boosting circuit (see figure) 
increases the load voltage by supplement-
ing it with the rectified ripple current in the 
boost inductor. The ripple is generated by 
periodically connecting the output end of 
the boost inductor to ground via a field-ef-
fect-transistor (FEl) switch. The SWitching 
of the FET's and, therefore, the magnitude 
and frequency of the ripple are controlled 
by the current-controlling portion of the cir-
cuit, which contains a hysteretic voltage 
comparator. A resistive voltagEH:iivider net-
work feeds, to the input terminals of the 
comparator, a combination voltage derived 
partly from a shunt that senses the cur-
rent in the boost inductor and partly from 
The Self-Oscillating Boost Regulator senses the output voltage and the current in the boost 
industor and accordingly turns the FET switch on and off periodically to maintain the output 
voltage as close as possible to 150 V. 
a control signal representative of the out-
put voltage. The output-voltage and the 
FEr-switching signals are transmitted to 
and from the current-controlling circuitry, 
respectively, via optoisolators, so that the 
isolation of relatively low control voltages 
from relatively high common-mode power-
supply voltages presents no major prob-
lem. 
The resistive voltagEH:iivider network is 
designed to turn the FET switch off when-
ever the current in the boost inductor reach-
es a maximum safe value. Below that limit, 
the current-controlling cirCUitry continuous-
ly regulates the magnitude of the boost in-
ductor current in response to the sensed 
EVERYTHING YOU TECHNOLOGY 2000 
Proceedings NEED m KNOW ABOUT 
Precision Aluminum Extrusions 
condensed into a new four page brochure and 
yours for the asking from the company that 
brought the industry ± .001" tolerances-
Minalex. 
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output voltage to keep that voltage at 150 
V. The circuit is self-oscillating in the sense 
that the FET's are turned on and off only 
in response to sensed current and voltage. 
This feature enables the circuit to respond 
faster to a change in the load than can a 
prior type of boost regulator that operates 
partly under control of a fixed-frequency 
clock signal and must wait until the next 
clock pulse to turn the FET switch on, no 
matter how much the load may change 
during the "off" part of the cycle. 
This 'NOrk was done I::tt John Paulkovich, 
G. Ernest Rodriguez, and Vickie Eakin of 
Goddard Space Right Center. For fur-
ther information, Circle 165 on the TSP Re-
quest Card. 
GSC-13305 
Muitiple-Quantum-Wellintersubband Infrared Detector 
Bandwidth and detectivity would be increased. 
NASA's Jet Propulsion Laboratory, 
Pasadena, California 
A proposed multiple-quantum-well in-
tersubband semiconductor device would 
detect photons over a broader range of 
wavelengths than present multiple-quan-
tum-well infrared detectors can now ac-
commodate. The structure of the detec-
tor would resemble that of other multiple-
quantum-well devices reported in previous 
issues of NASA Tech Briefs, but would dif-
fer in the numbers, thicknesses, and pro-
portions of the semiconductor elements 
in its layers. 
The device would be a stack of multiple 
substacks within each of which there would 
be multiple barrier layers of AJ/3a1_ xAs al-
ternating with quantum-well layers of GaAs 
or InyGayAs (see figure). Each quantum 
well WOUld support two quantum states: a 
lower state bound in the well, and an Ul> 
per, sllghtly-bound state with an energy 
slightly above the barrier (and, therefore, in 
the continuum of energy levels in the con-
duction band). In present multiple-quan-
tum-well devices, the upper states are be-
low the barriers, so that the photoexcited 
electrons have to undergo quantum-me-
chanical tunneling and the consequent 
attenuation to leave the wells. In the pro-
posed device, the higher energy of the Ul> 
per state would enable the photoexcited 
electrons to cross the barriers without tun· 
neling. In addition, the oscillator strength 
of the upper states would be high with re-
spect to that of the lower states, resulting 
in a high probability of absorption of photon 
energy between the lower states and the 
continuum. These features would contri-
bute to the detectivity of the device. 
Within the nth substack, the composi-
tions and thicknesses of the layers would 
be chosen so that the Quantum wells in 
that substack would be sensitive to a cer-
tain narrow band of wavelengths around 
a middle wavelength of An' The wide-band 
response would be achieved by making 
the quantum wells in each succeeding 
substack slightly wider and shallower than 
those of the preceding substack. By this 
design, the fi rst substack would absorb the 
photons of highest energy (shortest wave-
length, A,), the second substack would 
absorb photons of the next highest energy 
(slightly longer wavelength ~), and so on. 
Because the quantum efficiency of the 
device would decrease with an increas-
NASA Tech Briefs, January 1991 
The Proposed Mul-
tiple-Quantum-Well 
Device would be a 
stack of substacks, 
each of which would 
contain quantum-well 
layers sensitive to a e 
different narrow band ~ 
of wavelengths. The w 
energy levels shown 
here include the ef-
fect of the bias volt-
age applied to the 
device. 
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ing number of quantum wells, this design 
would involve an engineering compromise 
between bandwidth and quantum effi-
ciency. 
This work was done by Shmuel I. 
Borenstain of Caltech for NASA's Jet Pn> 
pulsion Laboratory. For further informa-
tion, Circle 155 on the TSP Request Card. 
This invention is owned by NASA, and 
a patent application has been filed. In-
quiries concerning nonexclusive or ex-
clusive license for its commercial develo{r 
ment should be addressed to the Patent 
Counsel, NASA Resident Office-JPL [see 
page 18].Refer to NP0-17962. 
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Electro-optical Position-Measuring System 
A nonintrusive system determines positions of models within the test section of a wind tunnel. 
Langley Research Center, Hampton, Virginia 
M electrooptical system has been de-
veloped to measure the five components 
of coordinates that represent the position 
and orientation of a model in the test sec-
tion of a wind tunnel. This nonintrusive 
system, which is located entirely outside 
the test section , uses small lasers as 
sources of light and self-scanning linear 
photodiode arrays (LPDA's) as the sensing 
elements. 
The optiCS of the system are arranged 
along the perimeter of the test section on 
adjustable rails to accommodate various 
models. The laser beams are shaped into 
sheets of light by small glass rods and col-
limated by plano-convex cylindrical lenses. 
A combination of plate beam splitters and 
first-surface mirrors at 450 are used in two 
of the optical paths, producing four sheets 
of light orthogonal to the test section. One 
pair of sheets of light is reflected from 
underneath the test section onto LPDA's 3 
and 4 (see figure) for measurements of 
sideways position and yaw. Mother pair of 
sheets is reflected across the test section 
onto LPDA's 1 and 5 for measurements of 
lift and pitch. The third sheet of light is re-
flected diagonally through the test section 
onto LPDA 2 for measurements of axial p0-
sition. The LPDA's have l in. (2.54-cm) ap-
ertures and contain 1,024 discrete photodi-
odes each. 
Each LPDA produces a video signal con-
Sisting of a train of recharge pulses propor-
tional to the intensity of incident light on 
each of its 1,024 photodiodes. A signal con-
ditioner converts only the pulses from sat-
urated photodiodes into transistorltran-
sistor-Iogic (TTL) form, ignoring anything 
below a predetermined level. Processing 
circuitry counts the TTL pulses and pro-
duces both binary and analog representa-
tions. The counters are updated at a rate of 
256 Hz. When no model is present in the 
test section, all the LPDA's are fully illumi-
nated, resulting in a count of 1,024 for each 
one. However, when a model obstructs the 
sheets of light, the locations of the resulting 
shadows on the LPDA's are used to deter-
mine the position of the model. 
The system has been successfully in-
stalled and is currently operational in the 
26 
This ElectrCH>ptical Five-Component Position-Measuring System is used in the 13-in. Mag-
netic Suspension and Balance System at Langley Research Center. 
13-in. (33-cm) Magnetic Suspension and 
Balance System (MSBS) at NASA Langley 
Research Center. The useful full-scale 
ranges of the system are ± 0.45 in. ( ± 11.4 
mm) and ± 80 for linear and angular dis-
placements, respectively. The system has 
an overall precision of ± 0.002 in. (0.05 
mm) and ±0.02° in linear and angular 
measurements, respectively. With im-
provements in measuring ranges, this type 
of electro-optical system can be adapted 
for use in other aerodynamic applications. 
This work was done by Ping Tcheng and 
Timothy D. Schott of Langley Research 
Center. For further information, Circle 49 
on the TSP Request Card. LAR-13840 
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Each stage would refine 
the estimate further. 
NASA's Jet Propulsion 
Laboratory, Pasadena, California 
Comers and edges are 10% to 
20% thicker than flat walls, 
providing strength where you 
need it most One piece stress-
free molded lid and base. 
Low·pro ,cam-HliM 
Wlng·llIm "'chlls ,1I,ch,d 
'D m d-ln mll~1 
rts. 
High strength. 
lightweight 
hardware. 
Replacement 
will not 
penetrate 
container 
shell. 
IItJItMd-ln 
tDtlgrIf-i!J -
groove 
pstetlld 
Plfllngfl II. 
Resilient 
polyethylene 
shell returns 
toor/ginal 
configuration 
afterlmpect 
RBCIIllld 
h,rdw'fII. 
Fully protected 
from damage. 
PolltI.,,,,nll· 
,hBIr/ocn. 
Prevents lid separation 
from base on Impect 
Minimizes stress on hardware. 
A conceptual two-stage software 
scheme serves as a prototype of a mUl-
tistage scheme for digital estimation of the 
phase, frequency, and the rate of change 
of frequency ("Doppler rate," for short) of 
a possibly phase-modulated received 
sinusoidal signal in a communication sys-
tem in which the transmitter and/or the re-
ceiver is (are) traveling rapidly, accelerat-
ing, andlor jerking severely. Although the 
scheme was conceived for use in esti-
mating the parameters of signals from 
spacecraft and the high dynamic GPS 
signal parameters, it is also applicable, at 
least in principle, to terrestrial stationaryl 
mobile (e.g., cellular radio) and land-mobilel 
satellite communication systems. 
Ughtweight, MIL-SPEC off·tha-shelf protection against 
shock, vibration, moisture, temperature extremes. 
The conceptual multistage estimation 
scheme stands in contrast to the prior 
single-stage schemes (phase-locked loop, 
conventional cross· product automatic fre-
quency-controlloop, Kalman filter, and the 
like). The concept embraces many varia-
tions in the number, types, and parameters 
of the stages. In general, the successive 
stages yield increasingly refined estimates 
(see figure), and each succeeding stage 
operates within a bandwidth smaller than 
that of the preceding stage. 
!If HARDIGG ....J INDUSTRIES, INC. 
_0 HARDIGG CONTAINERS 
393 No. Main Street, P.O. Box 201, South Deerfield, MA 01373 (413) 665·2163 FAX: (413) 665·8061 
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In the two-stage prototype, the first-stage 
algorithm provides estimates of the fre-
quency and its time derivatives that are 
coarse in the sense that the root-mean-
square estimation errors are relatively 
large, but the probability that the estimated 
frequency exceeds one-half the sampling 
frequency (this phenomenon is called "cy-
cle slip") is relatively small. This first-stage 
algorithm is a modified version of a prior 
least-squares algorithm based on a dif· 
ferential signal model and known as "dif-
ferentialleast squares." The modification 
makes this algorithm applicable to signals 
that contain unknown digital modulation. 
The second algorithm implements a third-
order extended Kalman filter, yielding an 
estimate of the phase and a refined esti-
mate of the frequency. 
One major advantage of the combina· 
tion of first- and second-stage algorithms 
is a reduction in the threshold on the car-
rier -power·to-noise-power spectral-density 
ratio (CNR) in comparison 'Nith the thresh-
Error 
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old CNR achievable by either algorithm 
alone. Indeed, from computer simulations 
designed to test the performance of the 
two-stage scheme, it appears that for an 
unmodulated carrier, the scheme achieves 
the same threshold CNR as that of an 
almost exact and computationally inten-
sive implementation of a maximum-likeli-
hood estimator. The simulations also show 
that where digital modulation is present, 
the threshold CNR of this scheme is about 
6 dB below that of a previous approximate 
maximum-likelihood-estimator (AMLE) 
scheme. 
The overall complexity of the scheme 
is about twice that of a third-order Kalman 
filter or of a single fourth-order extended 
Kalman filter. Of course, one could reduce 
the threshold CNR and the rms estimation 
errors further by use of a more compli-
cated set of algorithms that implement 
three or more stages of estimation. 
This work was done by Rajendra Kumar 
of Caltech for NASA's Jet Propulsion 
Laboratory. For further information, Cir-
cle 94 on the TSP Request Card. 
This invention is owned by NASA. and 
a patent application has been flied. In-
quiries concerning nonexclusive or ex-
clusive license for its commercial develop-
ment should be addressed to the Patent 
Counsel, NASA Resident Office-JPL [see 
page 1BI.Refer to NP0-17911. 
27 
Simultaneous Detection and Estimation 
Amid Strong Dynamical Effects 
The effective signal-to-noise ratio is several decibels greater than in previous schemes. 
NASA's Jet Propulsion Laboratory, Pasadena, California 
A proposed scheme for the digital proces-
sing of a received noisy, binary-phase-modu-
lated radio signal prcMdeS for the simultane-
ous detection of the binary modulation and 
estimation of the Doppler phase, frequen-
cy, and frequency derivative. The scheme 
is intended for use where the relative mo-
tion between the transmitter and receiver 
can include large velocities, strong accelera-
tions, and/or intense jerks, resulting in possi-
bly large Doppler frequency shifts with re-
spect to time. It could improve reception in 
radar, mobile/satellite communications, and 
navigation systems. 
The scheme (see figure) starts with esti-
mation of the local parameters (those that 
depend on the momentary state of the bina-
ry modulation) of the received signal, fol-
lowed by detection of a possible jump in 
these parameters. A jump signifies a data-
bit transition in the modulation and is math-
ematically separated from the received sig-
nal, thereby effectively demodulating the 
Signal. The effectively demodulated signal 
is then processed to obtain estimates of the 
global parameters (those phase and fre-
quency parameters, including the Doppler 
parameters, that do not depend on the m0d-
ulation) of the received signal. The estimates 
of the global parameters are also used to 
improve the estimates of the local parame-
ters during subsequent bit periods. 
The scheme incorporates either of two 
different but equivalent algorithms for the 
estimation of both the local and global pa-
rameters. The algorithms are improved 
versions of the Kalman filter. For the local 
parameters, it is necessary to use a subalgo-
rithm capable of estimating both the phase 
and the frequency. However, for the global 
parameters, it is not necessary to estimate 
the phase, and, therefore, a frequency-esti-
mating algorithm can be substituted for the 
Kalman filter, resulting in a marginal reduc-
tion of the required P/No (where P = the 
received carrier power and No = the power 
spectral density of the noise). 
Either of the two algorithms can provide 
an improvement of up to 3 dB (according 
to computer simulations) over the Kalman 
The Proposed Esti-
m ati 0 n /Detect i on 
Scheme provides for 
the digital processing 
of a binary-phase-
modulated, noisy sinu-
soid to obtain both the 
binary signal and esti-
mates of the phase and 
frequency parameters 
f . 
filter (and over a phase- or frequency-locked 
loop) in the estimation of phase and frequen-
cy when the signal-to-noise ratio (SNR) is 
low. Both algorithms are based upon the 
recognition of two available error signals 
with nearly independent noise. In conven-
tional implementations, one of these error 
signals is simply ignored. 
In one algorithm, the observations are re-
processed over an optimally selected peri-
od, making it possible to exploit the other 
error signal as well. The improvement in this 
scheme is not due to better linearization as 
in an iterated Kalman filter (where the im-
provement increases with the iteration in-
terval) but, rather, is due to the fact that if 
the reprocessing interval is optimal, the two 
sets of measurements are nearly independ-
ent, resulting in an improvement of nearly 
3 dB (according to computer simulations) 
under a low SNR. In the other algorithm, 
which is relevant to classical phase-locked 
loops, an adaptive Hilbert-transform tech-
nique results in similar improvements. 
This work was done by Rajendra Kumar 
of Caltech for NASA's Jet Propulsion lab-
oratory. For further information, Circle 156 
on the TSP Request Card. 
This invention is owned by NASA, and a 
patent application has been filed. Inquiries 
concerning nonexclusive or exclusive 
license for its commercial development 
should be addressed to the Patent Counsel, 
NASA Resident Office-JPL [see page 18J-
Refer to NPQ-17820. 
Estimation 
of Global 
Parameters 
Correction 01 Phase. 
Frequency. and Rate 
of Change 01 Frequency 
Estimation 
of Local 
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NOW TEAC'S XR SERIES IS 
28-CHANNELS WIDE. 
Introducing the world's first 28-channel VHS data the world's first VHS cassette data rerorder. Sinre then, we've 
recorder. The TEAC XR-9000. Now the perfonnance and helped develop every major improvement in VHS data recording 
capacity of the larger open-reel decks are available with the technol~ Today we're building VHS data recorders from 7- to 
convenience, economy and ease of operation of VHS cas- 28-channels with models available in Wide Band Groups I and II, 
settes. All within a lightweight, minimum foot print unit plus interc.bangeable FM, Super FM DR, and PCM modules. 
The XR-9000 offers TEAC's exclusive menu-driven on- And in an industry with litt1e tolerance for error; TEAC's 
screen display plus numerous auto-functions to provide a sim- enviable recool of performance and reliability is unsurpassed. 
pIe step-by-step setup procedure. You can use your computer So, if you're looking for greater capacity, with the most 
to remotely control the XR-9000. And recorded data from the variety of options and models, at the most efficient cost-per-
XR -9000 can be fed directly into a computer. channeL TEAC XR series data recorders is the 
l~s been over a decade since TEAC introduced T E AC only place you'll find it. 
Information Products Division. 
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30 Status of Imaging Radar Polarimetry 
Computer Programs 
35 Global References Atmosphere Model-1988 
Books and Reports 
These reports, studies, handbooks are 
available from NASA as Technical Sup-
port Packages (TSP's) when a Request 
Card number is cited; otherwise they are 
available from the National Technical In-
formation Service. 
Real-Gas Properties of 
Air and Air-Plus-
Hydrogen Mixtures 
Properties related to 
chemical reactivity 
are calculate<;j from 
first principles. 
The report presents some calculated 
chemical, physical, and spectroscopic 
properties of nitrogen, oxygen, hydrogen, 
and compounds thereof. The data are need-
ed particularly in numerical simulations of 
the heating, radiative properties, and 
chemical reactions of molecular species in 
the air flowing through jet engines and 
around spacecraft. These real-gas proper-
ties (as distinguished from the ideal-gas 
properties used in simplifying assump-
tions) are often difficult or impossible to 
measure and are best obtained via state-
of-the-art quantum-chemical calculations 
on advanced computers. 
The report includes three main sections 
and an appendix. Section I discusses the 
electronic-lransition moments (proportion-
al to the probabilities of radiative transi-
tions) of 13 molecular species found in air. 
For each species, there is a brief narrative 
summary of the literature, the status of cal-
culations to date, and the recommended 
values. The transition moments of some 
species are plotted as functions of bond 
lengths. All appendix discusses the rela-
tionships between transition moments and 
other quantities that appear in quantum-
mechanical calculations of radiative inten-
sities and lifetimes. 
Section II discusses the constants of 
proportionality to the rates of selected 
chemical reactions among some of the 
species. Calculations of these constants 
are continuing, and values available thus 
far are presented. Each such calculation 
requires a three-step process: (1) The 
potential-energy surface that represents 
the energy of interaction between the 
30 
species in question at any geometrical ar-
rangement of the atoms must be calculat-
ed. This surface is related to a map of the 
forces between the species during a colli-
sion that leads to the reaction in question. 
(2) The data generated in step 1 must be fit-
ted to an equation that can be used to cal-
culate the interaction energy of the system 
for any geometrical arrangement of the 
atoms. (3) A large number of collisions be-
tween reactants is simultated by classical 
mechanics, using the equation derived in 
step 2. The results are averaged to obtain 
cross sections and rate constants. 
Section III discusses the use of poten-
tial-energy curves and collision integrals to 
calculate the transport properties of hot air. 
Potential energies of 02' N2, NO, Nt, and 0t are plotted as functions of intermolecu-
lar separations. Some viscosities, thermal 
conductivities, and diffusion coefficients 
are plotted as functions of temperature. 
This work was done by David M. Cooper, 
Richard L Jaffe, Stephen R. Langhoff, and 
Harry Partridge, III of Ames Research 
Center. To obtain a copy of the report, 
"Real Gas Properties of Air and Air Plus 
Hydrogen Mixtures," Circle 123 on the TSP 
Request Card. 
ARC-12275 
Status of Imaging 
Radar Polarimetry 
Topics include theory, 
equipment, and 
experimental data. 
A report pulls together information on 
imaging radar polarimetry from a variety of 
sources. It reviews the state of the art, ex-
amines current applicable developments 
in radar eqUipment, describes the record-
ing and processing of radar polarimetriC 
measurements, and discusses the inter-
pretation and application of the resulting 
polarimetric images. 
Imaging radar polarimetry is a synthetic-
aperture-radar technique in which the 
complete amplitude and phase response 
of each picture or resolution element of the 
target is recorded for both horizontal and 
vertical reflected polarizations, in response 
to both horizontal and vertical transmitted 
polarizations. Thus, the basic polarimetric 
data about each picture element have to 
be expressed as a complex-number scat-
tering matrix. This stands in contrast to 
conventional radar imaging, in which p0-
larization is ignored and each picture ele-
ment is characterized by a simple scalar 
amplitude. In return for increased com-
plexity, imaging polarimetry yields more 
detailed information about the target - for 
example, making it possible to distinguish 
between forested or treeless landscape. 
The report begins with a brief history of 
imaging radar polarimetry. This is followed 
by the first section of the main text, which 
discusses the fundamental theory of radar 
polarimetry. TopiCS include the basic equa-
tions for back-scattering, the scattering 
matrix, Stokes-matrix representations of 
scattering matrices, polarization signatures 
of target areas, and development of math-
ematical models of polarimetric properties 
of different types of terrain. The modeling 
effort is particularly significant in that it en-
ables the comparison of measured and 
predicted properties, thus providing the 
means for interpretation of remote-sensing 
data in ways that were not possible before 
the emergence of radar polarimetry. 
The next section describes the imple-
mentation of imaging radar polarimeters. It 
includes a section on the radar equipment 
carried aboard several research airplanes 
and to be carried aboard future spacecraft, 
a section on the recording and digital proc-
essing of polarimetric measurements, a 
section on phase calibration of the polari-
metric data, and a section on compression 
of the data to manageable volumes for 
storage and analysis. 
The third section describes the experi-
mental polarimetric scattering character-
istics of several different kinds of terrain. It 
presents images and polarization signa-
tures of San Francisco (including ocean, 
urban development, city parks, and natural 
terrain), the Pisgah lava flow in the Mojave 
desert, a forested area near Mt. Shasta, 
and ice floating in the Beaufort sea. The 
fourth and last section is a brief summary. 
This work was done by Jakob J. van lyl 
and Howard A. lebker of Caltech for 
NASA's Jet Propulsion Laboratory. To 
obtain a copy of the report, "Radar Imaging 
Polarimetry," Circle 107 on the TSP Re-
quest Card. 
NPO-17890 
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FLUKE AND PHlLIPS - THE GLOBAL ALLIA TEST & MEASUREMENT 
PHILIPS 
• 
Two revealing views of our new Hydra Data Acquisition Series. 
Fully operable from the front 
panel, both Hydra models fea-
ture alarm limits. Mx+ B scal-
ing, min/max/last memory, 
auto print output, real-time 
clock, and selectable scan 
triggers. 
Two Hydra models, starting 
at under $2,000. 
With Fluke'S Hydra Series. no matter 
what your Input you always have the 
right equipment. How Hydra does It Is 
a two-sided story. 
Right up front, you can see it's easy 
to set up and reconfigure Hydra at the touch 
of a button. Around back, you simply plug 
M-.tT' .... .lleallon SoftWItI 
ThelnlOCOUPies 19 typeS I Standil!d Hydra Slarte! PacJ<aoe 
DC Volts lUll to JOOV) Labtech ACQUIRE" 
RTDs,lIJOOPt Opbonal Labtech Dlebook-
ACVoltsfuuennsl Hyd/lioata~rPkg 
Re$lstlllce 12-or 4-.lrel Drive! for Test eam or 
Frequency to 1.0 MHz) LabWlfloows· 
Opemlon 
Temperature 0 to 60°C 
PIlwflf 9(}.264 VAC a!Ml/or 9-16 VOC 
12 Digital 110 Lines. Four are 
alarm outputs, eight are 
configurable over the computer 
interface as alarm outputs or 
general-purpose 1/0. 
and unplug our universal input 
module to directly connect up 
to 20 inputs. You get incredible 
flexibility to go virtually anywhere 
and measure a wide variety of 
sensor types. 
The Hydra Series is available in 
two models to fit any application. 
Our Hydra 2620A Data ACQuisition 
Unit is a compact front end for use with 
your PC or printer. Our rugged, portable 
Hydra 2625A Data Logger features a 
2000+ scan non-volatile memory-
making it ideal for stand-alone and 
remote monitoring applications. 
RS-232-C is standard. IEEE-
488 interlace is optional on the 
2620Afor quick system inte-
gration. Hydra works with a 
printer or bi-directionally for 
computer control. 
The removable Universallnpul 
Module handles 20 analog 
input channels of Virtually any 
sensor type, without external 
signal conditioning. 
Take a closer peek at the manyadvan-
tages the Hydra Series 
offers. Call right now, 
to take our free demo 
disk for a spin. 
1-8D0-44-FLUKE, 
JobnFlul<8111g Co.1nc po 9019090.101 S 250C. &erell 
WA982OO.US 12OO)356·S400 canada(416)890-7600 
Othef COUIIIJ1I!S' 12(6) 356·5500 ACOUIRE and I..aIn!Ch 
NOIebOOk 218 traGetnarI<s or Ubtntory TechnOlogIes. Inc 
L.abWInIlOWS Is. _ 01 Natlollallnstnrnen1s 
Co 1990 John FIuI<8 II g CG .• Inc All tlghIS reserved. 
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Books and Reports 
34 Radiographic Detection of 
Voids in SiC and SiN 
Ceramics 
32 Lightweight Substrates for via Aromatic Nucleophilic 
Mirrors Displacement 
~~ Lightweight Substrates for Mirrors 
Layered structures would be made of carbon/carbon material. 
NASA's Jet Propulsion Laboratory, Pasadena, California 
Mirror substrates for space-based instru-
ments are required to be lightweight, ther-
mally and mechanically stable, and resis-
tant to degradation from radiation. CarbonI 
carbon composites are ideally suited to this 
application, but the state of the art utilizes 
thick, three-dimensionally woven substrates 
having high areal weights. 
A new substrate uses a conventional 
quasi-isotropic fabric laminate with a surfac-
ing layer of carbon-fiber paper consisting 
of randomly oriented chopped carbon fibers. 
The carbon paper serves as a machinable 
layer, allowing the correct optical figure to 
be machined into the substrate. This pro-
vides the polishable surface and serves to 
fill in the print-through of the underlying fabric. 
The paper layer, being of random orienta-
tion, also removes the regular crack struc-
ture of the fabric and is therefore more readi-
The Layered Structure of fabric and paper would be relatively easy to manufacture. When 
impregnated with carbon, the structure would be rigid and stable. 
Iy densified into a smooth homogeneous 
surface layer. Substrates of this type can be 
made quite thin, thus keeping areal weights 
to a minimum. Mirrors of this type could be 
made faster, and would cost less, than their 
predecessors. 
This 'WOrk was done by Q Kyle Brown 
of Caltech for NASA's Jet Propulsion lab-
oratory. For further information, Circle 63 
on the TSP Request Card. 
NP0-17854 
Polyphenylquinoxalines via Aromatic Nucleophilic Displacement 
A new reaction sequence costs less and provides for a variety of molecular structures. 
Langley Research Center, Hampton, Virginia 
A process for the syntheSiS of poly-
phenylquinoxalines (PPQ's) involves nucle-
ophilic displacement reactions of di(hy-
droxyphenyt) quinoxaline monomers with 
activated aromatic dihalides. The new 
process costs less than do other process-
es for the synthesis of PPO's. In addition, 
because of the availability of a large variety 
of activated aromatic dihalides, the new 
process facilitates the synthesis of PPO's 
of new and varied molecular structures. 
The new PPO's are useful as adhesives, 
coatings, films, membranes, and matrices 
for composites. 
Conventional PPO's, prepared from bis-
(phenyl-a-diketones) and bis(ortho dia-
mines), are configurationally unordered, 
with three possible isomers distributed ran-
domly along the backbones of these poly-
mers. This dissymmetry contributes to the 
amorphous character, high solubilities, and 
limited tensile moduli observed in these 
materials. On the other hand, the incorpora-
32 
Figure 1. Bisphenol 
Quinoxaline Mono-
mers can be synthe-
sized with or without 
configurational iso-
mers. 
o 0 
©rc-C~OH 
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SotYenI and 
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SYNTHESIS OF BISPHEHOl OUIHOXAllHE MONOMERS WITHOUT 
COHFIGURATIOH4J.. ISOMERS 
NASA Tech Briefs, January 1991 
tion of crystallinity into the backbone of a 
polymer enhances ns mechanical proper-
ties and ns resistance to solvents. The new 
process can synthesize configurationally 
ordered semicrystalline PPO's. 
In tests of the new process, the synthe-
sis of the PPO's involved the use of two 
different types of bisphenol quinoxaline 
monomers; those with and those without 
configurational isomers. The PPO's pre-
pared from monomers with configurational 
isomers had essentially the same physical 
and mechanical properties as those of 
PPO's prepared via the conventional proc-
ess. Some PPO's prepared from monomers 
wnhout configurational isomers \Nflre semi-
crystalline, as evidenced by differential 
scanning calorimetry and wide-angle x-ray 
diffraction. 
The top part of Figure 1 illustrates the 
synthesis of blsphenol quinoxaline mono-
mers that have configurational isomers. 
The symbol Ar represents a radical of 
1,2A,5-tetrasubstituted benzene, 3,3 'A, 
4 '-tetrasubstituted benzene, biphenyl , 
diphenylether, diphenylmethane, diphen-
ylketone, diphenylsulfone, diphenyl-
thioether, or any appropriate bis(ortho 
diamine), or a mixture of any of these com-
pounds. The bottom part of Figure 1 il-
lustrates the synthesis of the monomers 
without configurational isomers. The sym-
bol Z represents H, CI, Sr, OCH 3, CH 3, 
CH:PH3' phenyl, or other groups. In both 
-. "" ... tl Meta' ease • 
..... 
Figure 2. The Syn-
thesis of PPQ's fol-
lows this general 
sequence of reac-
tions. 
1V=ClFOt N02 
o 0 0 0 
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J •• C S02 -c1§rc- .. -<:""©-c-
o 
I 
.. R = Notruno, so,. C 0 or S 
sequences, the catenation of the hydroxy 
groups can be meta meta, para para, meta 
para, or mixtures thereof. 
Figure 2 illustrates the synthesis of a 
PPQ. The reactions are carried out in a 
polar aprotic solvent, possibly N,N-di-
methylacetamide, sulfolane, N-methylpryr-
rolidone, or diphenylsutfone, using an alkali 
metal base, at an elevated temperature, 
under a nitrogen atmosphere. 
This work was done by Paul M. 
Hergenrother and John w: Connell of 
Langley Research Center. For further in-
formation, Orcle 27 on the TSP Request 
Card. 
This invention is owned by NASA, and a 
patent application has been filed. Inquiries 
concerning nonexclusive or exclusive 
license for its commercial development 
should be addressed to the Patent 
Counsel, Langley Research Center [see 
page 18). Refer to LAR-13988. 
ANNOUNCING: A TOUGH FORMABLE 
INSULATION THAT CAN GO TO HELL ... 
PYROPEL It: a new concept 
in structural insulation. 
Pyropel is a new lightweight, high tempera-
ture, non-woven insulation material that can 
be used in flat sheets or formed into a variety 
of shapes. It is 100% polyimide and contains 
no resinous binders. This, combined with 
its fibrous, three-dimensionally reinforced 
construction, gives Pyropel significant 
deSign, performance and assembly 
advantages over more conventional 
insulation materials. 
-300'F to +600·F. 
The use of polyimide permits extended 
performance at cryogenic temperatures as 
low as -300'F, and continuous use in applica-
tions that reach temperatures as high as 
+600' F (and short-term exposure up to 
+800'F without losing thermal or dimensional 
stability). Pyropel does not melt, drip or sup-
port combustion. It has a low heat release and 
emits almost no smoke. 
Rigid, lightweight, 
resists damage. 
Pyropel's three-dimensionally reinforced struc-
ture provides exceptional rigidity and strength. 
It is extremely lightweight, with densities as 
low as 12 Ibslff and in thicknesses from 0.063 
NASA Tech Briefs, January 1991 
to 0.38 inches. Pyropel makes an excellent 
core material where thermal insulation andlor 
acoustic dampening are required. It can be 
bonded easily with thermoplastic adhesives 
and is chemically inert to acids and solvents. 
Reduce assembly and 
maintenance costs. 
Pyropel is available in flat sheets or custom 
shapes tailored to your requirements. It can 
be formed into self-supporting covers, lids, 
housings, sidewalls and ducts--combining 
features that save assembly time and 
expense. 
Free test samples. 
Prove to yourself how well Pyropel performs 
under fire. Write or call today for your free 
literature and product sample. 
ROPE 
structural insulation 
A product of Albany International, Inc. 
777 West Street 
P.O. Box 9114 
Mansfield, MA 02048 
508/339-7300 
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Books and Reports 
These reports, studies, hClldbooks are 
available from NASA as Technical 
Support Packages (TSP's) when a Re-
quest Card number is cited; otherwise 
they are available from the National 
Technical Information Service. 
Radiographic Detection of 
Voids In SIC and SIN 
Ceramics 
Projection radiography 
provides greater sensitivity 
of detection. 
Two reports describe experimental 
studies of the efficacy of radiographic 
detection of voids in "green" (unfired) and 
sintered SiC and SiN ceramics. These 
studies were motivated by the need for a 
nondestructive technique to detect flaws 
that limit the strengths of sintered struc-
tural ceramic components. 
In the experiments, solid precursors of 
surface and internal voids were introduced 
artificially by seeding green specimens of 
the ceramics with styrene divinyl benzene 
microspheres. The specimens were com-
pacted and sintered to form the ceramics. 
The high sintering temperatures (above 
2,100 0c) caused the microspheres to de-
compose, leaving the voids in the resulting 
ceramics. 
One of the studies concentrated on the 
use of microfocus (magnifying prOjection) 
x-radiography to detect subsurface voids 
made with microspheres having diameters 
of 200, 321, and 528 f4l1. The microfocus 
system was operated with photon energies 
~ 20 keV and a 1~ focal spot. Statistics 
were developed for the probability of de-
tection of voids in green and sintered spec-
imens at a 95-percent confidence level and 
compared with statistics obtained pre-
viously for similar specimens. It was also 
shown that the reliability of detection of in-
ternal voids can be inferred from the prob-
ability"f-detection curves of surface voids 
in the same ceramic, provided that there 
are no local variations in density and chem-
ical composition. 
The other study was undertaken to com-
pare the reliabilities of the microfocus and 
the conventional (nonmagnifying or con-
tact) radiography in the detection of voids. 
In this study, the specimens were seeded 
with microspheres having diameters of 50, 
80, and 115 ~. The conventional x-ray 
system, with a tungsten target and a 
400-f4l1 focal spot, was operated at 25 to 
75 kV anda beam current of 5 to 8 rnA. The 
microfocus system, with a molybdenum 
target, was operated at 30 to 60 kV with a 
beam current of 0.25 to 0.32 rnA. 
The sensitMty of detection of voids by 
microfocus radiography at a 9O-percent 
probability of detection and a 95i>ercent 
confidence level was found to be 1.5 per-
cent of the thickness of the specimen in 
both ceramics. The corresponding figure 
for conventional radiography was found to 
be 2.5 percent of the thickness of the 
specimen. Thus, it appears that micro-
focus (projection) radiography is prefer-
able to conventional (contact) radiography 
when increased sensitivity is required and 
the additional time and effort necessary to 
set up the microfocus apparatus can be 
tolerated. 
This work was done by George Y. 
Baakllnl, James D. Kiser, and Don J. Roth 
of Lewis Research Center. Further infor-
mation may be found in 
NASA TM-86945 [N85-21674], "Radlo-
graphic Detectabllity Umits for Seeded 
Voids in Sintered Silicon Carbide and Sili-
con Nitride," and 
NASA TM-87164[N86-13749], "Probabil-
ity of Detection of Internal Voids in Struc-
tural Ceramics Using Microfocus Radio-
graphy." 
Copies may be purchased [prepayment 
required] from the National Technical In-
formation Service, Springfield, Virginia 
22161, Telephone No. (703) 487-4650. 
Rush orders may be placed for an extra fee 
by calling (BOO) 336-4700. LEW.f4881 
Numerical Algorithms Group 
34 
NAG Fortran Library products enable you to spend your time and talents on genuine 
problem solving, not software development. 200 experts, recognized worldwide as the 
leaders in their fields, create the solutions in the NAG Library. The accuracy, perfor-
mance, and total capabilities of NAG software are unmatched in the industry. Take 
advantage of NAG's expertise in any of these fine products: 
NAG FORTRAN LffiRARY 
More than 700 user-level routines covering the 
principal areas of mathematics and statistics. 
Available on over 90 different computers from 
PC's to supercomputers. 
NAG GRAPHICAL SUPPLEMENT 
A convenient and versatile means for display-
ing numerical results generated by the Library. 
A facility not available with other libraries. 
NAG ONLINE SUPPLEMENT 
An interactive query system enabling the user 
to make maximum use of the NAG Library. 
TIle Online system provides hints on choice of 
routines. syntax assistance. and other forms of 
help. 
An interactive CASE tool for veCtorizing and 
parallelizing Fortran programs. Attain perfor-
mance improvements beyond what optimizing 
compilers may provide. Ideal for "rejuvenating" 
older applications. 
NAG Ada Library 
TIle first commercially available math library 
designed and written completely in Ada. Shor-
tens the development cycle for embedded math 
operations in Ada programs. 
GENSTAT and GLIM 
Interactive statistical analysis systems used for 
data exploration, linear modelling. time series 
analysis ... useful applications in statistical qual-
ity control and product survival analysis. 
THE NAG PRODUCT LINE OFFERS 
NUMERICAL AND GRAPHICAL ALGORITHMS 
FOR MANY SCIENTIF1C AND ENGINEERING 
APPLICATIONS INCLUDING: 
• SIGNAL PROCESSING • COMPUTATIONAL CHEMISTRY 
• OPERA TIO S RESEARCH • ECONOMETRIC MODELS 
• APPLICATIONS DEVELOPMENT • STATISTICAL A ALYSIS 
NUMERICAL ALGORITHMS GROUP 1400 Opus Place, Suite 200 Downers Grove,lL 60515-5702 (708) 971 -2337 FAX: (708) 971 -2706 
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COSMIC: Transferring NASA Software 
COSMIC, NASA's Computer Software Management and Information 
Center, distributes software developed wIth NASA funding to industry. other 
government agencies and academia. 
COSMIC's inventory is updated regularly; new programs are reported in 
Tech Bnefs. For addlllonal information on any of the programs described 
here, circle the appropriate TSP number. 
If you don't find a program in this issue that meets your needs. call 
COSMIC directly for a free review of programs in your area of interest. You 
can also purchase the annual COSMIC Software Catalog, containing de· 
scriptions and ordering Information for avaIlable software. 
COSMIC is part of NASA's Technology Utilization Network. 
COSMIC®-John A. Gibson, Director, (404) 542-3265 
The University of Georgia, 
382 East Broad Street, 
Athens, Georgia 30602 
Computer Programs 
These programs may be obtained at a very reasonable cost from 
COSMIC, a facility sponsored by NASA to make computer pro-
grams available to the public. For information on program price, 
size, and availability, circle the reference number on the TSP and 
COSMIC Request Card in this issue. 
Physical Sciences 
Global Reference Atmosphere Model-1988 
A composite empirical mathematical model gives 
pressures, densities, temperatures, and winds. 
The Four-D Global Reference Atmosphere computer program 
(GRAM) was developed from an empirical mathematical model of 
the atmosphere that generates values for pressure, density, tem-
perature, and winds from the surface level to orbital altitudes. This 
program can generate altitude profiles of parameters of the at-
mosphere along any simulated trajectory through the atmos-
phere. The program was developed from design applications in 
the Space Shuttle program; for example, the simulation of reentry 
trajectories for the external tanks. Other potential applications 
include studies of global circulation and diffusion and the genera-
tion of profiles for comparison with results of other atmospheric-
measurement techniques such as satellite-measured tempera-
ture profiles and wind profiles from infrasonic measurements. 
GRAM-8S is the latest version of the GRAM software. The 
GRAM-88 software contains a number of changes that have 
improved the model statistics; in particular, the small-scale-
density-perturbation statistics. It also corrected a low latitude grid 
problem as well as the SCIDAT data base. Furthermore, GRAM-
88 now uses the 1976 U.S. Standard Atmosphere as a compari-
son standard rather than the US62 used in other versions. 
The program is based on an amalgamation of two empirical 
mathematical models for the low (27 km) and the high (90 km) 
atmosphere, with a newly developed latitude-and longitude-de-
pendent model for the middle atmosphere. The Jacchia (1970) 
model simulates the high atmospheric region above 115 km. The 
Jacchia sections of the program are in separate subroutines 
NASA Tech Briefs, January 1991 
TOTALABTM 
THERMAL ANALYSIS. 
Precision is more aHordable than ever. 
Harrop's TOTALAB System is proof that thermal 
analysis instrumentation - DTA. TGA, and dila-
to meters - need not be expensive to be effective. 
TOTALAB is easy to use and deSigned for years 01 
reliable operation. Analysis modules are available 
up to 1600°C. For data storage and more sophis-
ticated analysis the new CYBER 702 digttal data 
acquisition system is unJQue in its use 01 standard 
spreadsheet software. Or check out Harrop's tradi-
tional analog instrumentation. Either way, TOTALAB 
is the way to go lor affordable-and ellective-
thermal analysis. 
For more information, contact Harrop Industries, 
Inc., 3470 E. Fifth Ave., Columbus, Ohio 43219-1797. 
Phone: 614/231-3621 TELEX: 810 482 1645 
FAX. 614 235-3699. 
HARROP 
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FIRE OUR IMAGIIIATIOII! 
Circle Reader Action No. 506 35 
36 
HOWMET PROVIDES 
TOLL HIP SERVICES TO THE ENTIRE 
CASTING INDUSTRY. 
It's not surprising that some 
people still think Howmet pro-
vides Hot Isostatic Pressing 
only to the aerospace industry. 
Because that's where we built 
our reputation for excellence. 
In fact, Howmet is one of the 
largest suppliers of HIP to the 
chemical , medical , and elec-
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PhotorTllcrograph 
shows microshnnkage 
Inas·castcondition 
A356alummum. 
Magnification: 3x 
Microshrmkage was 
eliminated by HIP 
(970'F/15,OOOPSI/ 
2hours) 
Magnlfication.3x 
tronics industries and the 
entire casting industry. With 
our6HIPunits, Howmetcan 
handle small prototype work or 
large structual castings up to 
57" in diameter. With tempera-
ture capabilities up to 4000· F 
and pressure to 45,000 psi . 
HIP subjects components to 
a high inert gas pressure at 
elevated temperatures suffi-
cient to close shrinkage 
porosity and eliminate internal 
voids . By HIP processing cast 
components you can achieve 
Howmet'sHIPprocesslng Improves 
thereflablflryoflhls lIIanlumpump 
housmg and valve body 
the same consistency expect-
ed of forgings. HIP is bill of 
material on most t itanium and 
many superalloy components 
with performance improvements 
noted in steel , bronze, cast iron, 
ceramics and aluminum. 
HIP has become a signifi-
cant factor in materials 
engineering, It enhances per-
formance, improves fatigue 
strength , and reduces scrap. 
By incorporating HIP into the 
casting process, a more relia-
ble and consistent component 
can be manufactured . 
At Howmetourengineers 
work in partnership with you . 
For example , we can design a 
parametric evaluation to deter-
mine the benefits of HIP on 
your particular application, We 
welcome your challenges. 
For more on Howmet's HIP 
services , write our Sales Depart-
ment' HowmetCorporation , 475 
Steamboat Road, Greenwich , 
CT06836-1960.0rcontactthe 
manager of the Whitehall HIP 
Division, 1600 South Warner 
Road , Whitehall , M149461 , 
telephone (616) 894-5686. 
t.I HOWMET CORPORATION 
Partners. Challenge by Challenge. 
WHITEHALL HIP DIVISION, WHITEHALL. MI 
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so that other thermospheric exospheric 
models could easily be adapted if required 
for special applications. The improved 
code eliminated the calculation of gee-
strophic winds above 125 km altitude from 
the model. The region of the atmosphere 
between 30 km and 90 km is simulated by 
a latitude- and longitLJde.dependent em-
pirically modified version of the latitude-
dependent empirical model of Groves 
(1971). A fairing technique between 90 km 
and 115 km accomplished a smooth transi-
tion between the modified Groves values 
and the Jacchia values. 
Below 25 km, the parameters of the at-
mosphere are computed by the four-di-
mensional worldwide model of the atmos-
phere devised by Spiegler and Fowler 
(1972). This set of data is not included. 
GRAM-88 incorporates a hydrostatic/gas-
law check in the altitude range of 0 to 30 
km to flag and change any bad data points. 
Between 5 km and 30 km, an interpolation 
scheme is used between the results of the 
four-dimensional model and the modified 
Groves values. The output parameters 
consist of components for (1) latitude-, 
longitude-, and altitude-dependent monthly 
and annual means; (2) quasi-biennial oscil-
lations (QBO); and (3) random perturba-
tions to simulate partially the variability due 
to synoptic, diurnal, planetary-wave, and 
gravity-wave variations. Ouasi-biennial and 
random-variation perturbations are com-
puted from parameters determined by var-
ious empirical studies and are added to the 
monthly mean values. 
The GRAM-88 program is intended for 
batch execution on the IBM 3084 comput-
er.lt is written in STANDARD FORTRAN 77 
under the MVSIXA operating system. The 
IBM DISPLA graphics routines are neces-
sary for graphical output. The program was 
developed in 1988. 
This program was written by D. L. 
Johnson and Rhonda Blocker of Marshall 
Space Flight Center and C. G. Justus of 
Georgia Institute of Technology. For further 
information,Orcle 161 on the TSP Request 
Card. 
MFS-28397 
~.echanICI 
Program Analyzes Errors 
in STAGS 
This program assists in 
scrutiny of the output 
of the STAGS finite-
element program for plates. 
Estimation of the accuracies of stresses 
and deflections computed by the finite-
ASA Tech Briefs, January 1991 
element method is a comrron problem that 
arises with each new application of the 
method. The EACcomputer program is de-
signed for analysis of the errors in the re-
sults of the STAGS computer program 
(COSMIC Program HQN-10967), which is a 
finite-element code, for a shell unit con-
sisting of a rectangular orthotropic plate. 
EAC requires input data for the geometry 
of the plate, the properties of the material, 
and a set of boundary conditions. These in-
put data come from the STAGS code. (The 
specific link between the input and output 
data from STAGS and the input data for 
EJoC is POSTP, the postprocessor program 
in the STAGS processors.) EAC computes 
a continuous solution from the discrete 
results of STAGS in order to estimate the 
error of the results of STAGS. 
Currently, EAC can handle only one 
plate unit. at one load step of the execution 
of STAGS. using the noncorotation option. 
The finite-element-method solution from 
STAGS is assumed to be a valid zeroth ap-
proximation for starting the iterative solu-
tion of the shell equations. This solution 
forms the first step of execution of EAC, 
during the first phase of which the resulting 
general solution in the form of Fourier coef-
ficients and constants of integration (gen-
eralized coordinates) are written to a tem-
porary file. During the second phase, these 
data are read and are used to generate re-
sults at specified points on the plate. or 
over a grid defined by the user. 
An option in EAC enables the user to 
reuse the data from this file saved from a 
previous execution of EAC to generate out-
put data over a different output grid or at 
selected points on the plate unit. The re-
sults are written to tIfoIO fiies. One file is used 
as the input data file for a contour-piotting 
postprocessor for EAC. The generalized 
coordinates allow for the computation of a 
continuous solution for the plate equations. 
The continuous solution has the obvious 
advantage that resultant str'3sses and de-
flections can be computed at any point on 
the plate and not only at grid points in 
STAGS. However, the main advantage of 
the continuous solution is that a measure 
of its error can be computed. The output of 
the code includes this measure of the error 
in the continuous solution, which is also an 
indirect measure of the error in the finite-
element results in STAGS. 
EAC has been implemented on a DEC 
MICROVAX II computer under VMS 4.7. It is 
written in FORTRAN 77 and has a central-
memory requirement of 1369 kbytes. EAC 
was developed in 1988. 
This program was written by Gay/en A 
Thurston and Nancy Jane C. Bains of 
Langley Research Center and Rajaram 
Sistla of Analytical Services & Materials, 
Inc. For further information, Circle 103 on 
the TSP Request card. 
LAR-14063 
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MalhemaUcs and 
InlormaUon SCiences 
Programs for Modeling 
Fault·Tolerant 
Computing Systems 
One program uses a Pade 
approximation; the other 
uses a Taylor-series 
solution technique. 
The Pade Approximation with Scaling, 
(PAWS) and Scaling Taylor Exponential 
Matrix (STEM) computer programs are 
software tools for design and validation. 
These programs provide a flexible, user-
friendly, language-based interface for the 
input of Markov mathematical models that 
describe the behaviors of fault-tolerant 
computer systems. Markov models can in-
clude both the recovery from faults via 
reconfiguration and the behaviors of such 
systems when faults occur. PAWS and 
STEM produce exact solutions of the prob-
ability of system failure and provide a con-
servative estimate of the number of signifi-
cant digits in the solution. 
The calculation of the probability of 
entering a death state of a Markov model, 
i.e., the state that represents the failure of a 
system, requires the solution of a set of 
coupled differential equations. Because of 
the large disparity between the rates of ar-
rivals of faults and recoveries of the 
system, models of fault-tolerant architec-
tures inevitably lead to numerically stiff dif· 
ferential equations. PAWS uses a Pade ap-
proximation as a solution technique; STEM 
uses a Taylor-series solution technique. 
Both programs can solve numerically stiff 
models. PAWS and STEM possess com-
plementary properties with regard to their 
input space; and additional strength of 
these programs is that they accept input 
compatible to the Semi-Markov Unreliabili-
ty Range Evaluator (SURE) program 
(OOSMIC program number lAR-13789). 
The mathematical approach chosen to 
solve a reliability problem may vary with 
the size and nature of the problem. N-
though different solution techniques are 
used in different programs, it is possible to 
have a common input language. 
The Systems Validation Methods group 
at NASA Langley Research Center has 
created a set of programs that form the 
basis for a "reliability analysis!' worksta-
tion. The components are as follows: 
SURE itself, the PAWs/STEM reliability-
analysis programs based upon the SURE 
input language, and the Abstract Semi-
Markov Specification Interface to SURE 
Tool (ASSIST) program (COSMIC program 
Full-Featured 
Tempernture 
Control Made 
Affordable 
Lake Shore Models 320 and 330 Temperature 
Controllers feature: Control of temperature 
from UK to 873K • Both autotuning and 
manual PIO 
control .!!... _ _ • _._ 
~ Contr?1 ~tabil. _ -I: :, -;.;-
tty to WIthin =_~".!.. 
± 2.5 mK - I: ~. ~ 7-
• Compatible - -
with multiple 
temperature sensors • IEEE-488, RS-232C 
interfaces and much more. For more infor-
mation, circle the reader response card in this 
magazine, or call 614-891-2243. 
LakeShore 
CItYOTRONICS , I NC 
64 E. Walnut St. 
W •• ttrvlllf, OH 43081 USA 
Tel: 614-891-2243 Telex: 24-5415 CROTHON WT'lL 
Fax: 614-891-1392 
Clm ShomtO)'Ot'"""'- 1nc.I!I!1O 
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• Temperatures to 575°F 
• low friction, wear resistant materials 
• Unlimited shelf I~e - permanent 
elasticity 
• Pressure ratings from vacuum to 
60,000 PSI 
• Diameters from 1/16 to 150 inches 
£.lJAMERICAN 
r\T VARISEAL 
P.O. Box 1479 Broomfield, CO 80038 
(303) 465-1727 FAX: (303) 469-4874 
A division of W.S. Shamban & Co. 
TUTc~e - is a registered trademarK 
of w.S Shamban & Co. 
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DOALLTIDS? 
" ... in a class by itself ... 
delivers on all accoWlts ... 
easy to use ... the ultimate 
graphics package, fulfilling 
everybody's needs. " 
-PC Magazine 
Experience the power & 
simplicity of the world's 
leading PC graphical 
analysis system. 
• curve fitting, statistics, 
zooming, rotation, mouse 
support, scientific 
spreadsheet & more! 
TECHNICAL BUSINESS 
GRAPHS 
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4U S. Pacific Coast Highway, econd Floor, Redondo Beach, CA 90277 
"Reprinted with pmniIsIon from PC Mapzkot. Marcil 14th, Copyri",,",l989 ZilfCOlnmuniaodo .. Co, 
and PC Ma ....... Nov.mba' 13, 1990 c zur Communlcotiona Co. 
Clrcl. R •• d.r Action No. 669 
illbruck 
Clrcl. R • • der Action No. 466 
number LAR·14193). ASSIST automatically 
generates Markov/semi-Markov model de-
scriptions in the SURE input language from 
an abstract language. 
PAWS and STEM are written in PASCAL 
and FORTRAN for interactive execution 
and have been implemented on a DECVAX 
computer operating under VMS 4.7 with a 
virtual-memory requirement of approxi-
mately 292K of 8-bit bytes. For graphical 
output, the graphics library TEMPLATE is 
required. However, both PAWS and STEM 
can be used without graphical input. PAWS 
and STEM were developed in 1988. 
This program was written by Ricky W 
Butler of Langley Research Center. For 
further information, Orcle 86 on the TSP 
Request Card. 
LAR-14165 
Program Generates Images 
of Solid Surfaces 
Various shapes can be 
constructed and viewed 
from several perspectives. 
The Solid Surface Modeler (SSM) com-
puter program generates three-dimensional 
computer models of solid surfaces for use 
in visual analysis and animation. In addi-
tion to such basic software tools as Box 
and Cylinder, SSM prcMdeS advanced func-
tions, including Constructive Solid Geometry, 
Skin Construction, Tube Construction, Ma-
terial Property Editing, and Texture Map 
Tools. SSM allows a user to change such 
attributes as color, reflectivity, smoothing, 
and position of the object easily. The model 
can then be saved in ASCII or binary for-
mat for use in another program or saved 
in edit format for reloading in SSM. 
When fully installed, SSM is menu-driven 
and can be run from any directory. The user 
can elect to use a mouse or a keyboard in-
terface. ViEl'Ning choices include wire frame, 
solid surface, one-window orthographic, or 
four -window orthographic and perspective. 
SSM was written in standard C with Sili· 
con Graphic's Iris Graphics Library calls 
and AT&T PicLib calls. The program can be 
run with a minimum of 8 MB of random-
access memory although 16 MB are re-
commended. SSM source and executable 
codes require a minimum memory of 
3,346K bytes. The program is available for 
the Silicon Graphics IRIS workstation run-
ning version 3.1 of IRIX, and a Sun worksta-
tion with AT&T PXM964 running 4.2 bsd. 
Documentation is included on the tape. 
SSM was developed in 1989. 
This program was written by Sharon P. 
Goza of Johnson Space Center and 
Bradley Bell and David Shores of Barrios 
Technology. For further information, Circle 
20 on the TSP Request Card. 
MSC-21630149 
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Improved Computation of Dynamic Stresses 
The cost of computation is reduced. 
Marshall Space Flight Center, Alabama 
A method that combines a modified 
computational procedure with a preproc-
essing and a postprocessing program 
yields additional data and reduces the time 
and cost of using the DYNRE1 module of 
the srARDYNE computer program to com-
pute distributions of stresses in machinery 
under dynamic loads. The development of 
the method was motivated by some of the 
limitations of DYNRE1; namely, (1) it can 
compute no more than 500 components 
of stress in one run, \ it does not com-
pute von Mises stressb and (3) it does 
not compute frequencies.. 
Heretofore. because of "nitation 1. it 
was necessary to make several relatively 
expensive DYNRE1 runs for each oper-
ating speed of the machine in question 
when the number of components of stress 
to be computed was large. With the modi-
fied procedure and the additional pro-
grams, only one DYNRE1 run is needed 
for each operating speed. The postproc-
eSSing program, which costs much less 
to execute, computes the additional com-
ponents of stress. The new method also 
overcomes limitations 2 and 3 by com-
puting von Mises stresses and the fre-
quencies of the components of stress. 
The first step of the procedure is to 
use the preprocessing program (called 
"PROGS3") to modify the dynamic-char-
acteristics file (called "TAPE4") in the 
STARDYNE code. PROGS3 adds dummy 
nodes and the consequent dummy de-
grees of freedom and dummy modal dis-
placements and stores the results In a new 
file (called "TAPE44"). 
In the second step of the procedure, 
one uses TAPE44 from the first step as in-
put to DYNRE1 and runs DYNRE1 to com-
pute the displacement history for each 
Measuring Adhesion and Friction Forces 
The Cavendish balance is adapted to a new purpose. 
Lewis Research Center, Cleveland, Ohio 
An apparatus has been developed 
which measures the forces of adhesion 
and friction between specimens of solid 
materials in a vacuum at temperatures 
from ambient to 900°C. It is intended 
primarily for use in studying the adhesion 
properties of ceramics and metals, In-
cluding silicon carbide, aluminum oxide, 
and iron-base amorphous alloys. 
The apparatus is mounted in an ultra-
high-vacuum system that also contains 
equipment for x-ray photoelectron spec-
troscopy. The portion of the apparatus that 
measures adhesion is based on the princi-
ple of the Cavendish balance. A pin 
specimen is mounted at one end of an arm 
that is suspended on a vertical torsion wire 
(see Figure 1). The other end of the arm 
holds the magnetic core of a linear vari-
able-differential transformer that is used to 
measure the angular deflection of the arm. 
NASA Tech Briefs, January 1991 
A flat specimen is pushed slowly against 
the pin specimen until it turns the beam 
and twists the torsion wire through a small 
angle. The flat specimen is then pulled 
back slowly until it separates from the pin 
specimen. The difference between the 
angular positions at which the specimens 
make and break contact gives a measure 
of the force of adhesion between them. If, 
for example. there is no adhesion, then the 
specimens make and break contact at the 
same position_ If there is adhesion, then 
the receding nat specimen pulls the pin 
specimen out beyond the point of initial 
contact. 
Inasmuch as the pulloff (adhesion) force 
is measured in terms of the torsion in the 
wire, the force can be calibrated in three 
ways: (1) by calculation from the length and 
diameter of the wire; (2) by calculation with 
measured values of natural periods of har-
dummy node and degree of freeOOm. These 
displacements represent the contribution 
of each mode at each time point of the 
computation_ They are used as input for 
the postprocessing program. 
In the third step, the postprocessing pro-
gram (called "PROGS4") performs matrix 
multiplication of the dummy displacement 
histories by the appropriate modal stresses 
to obtain stress histories. From the aver-
age number of zero crossings of each c0m-
ponent of stress per unit time, PR0GS4 
computes its frequency. From the com-
ponents of stress in any element at a given 
time, PROGS4 computes the von Mises 
stress history of that element. 
This work was done by Tarun K. Ghosh 
of Rockwell International Corp. for Mar-
shall Space Aight Center: For further in-
formation, Circle 7 on the TSP Request 
Card. MFS-29745 
Flat 
Specimen 
Figure 1. A Modified Cavendish Balance In-
strumented with a linear variable-
differential transformer (LVDT) is used to 
measure adhesion between pin and flat 
specimens. 
39 
Polaroid's Ultrasonic 
Ranging System 
opens the door 
to new technology. 
It can be found in "non-touch" 
screen computer monitors, AGV's, 
industrial robotics, electronic 
games, tape measures, aids forthe 
disabled, loading docks, collision 
avoidance systems for cars, trucks 
and pleasure vehicles. And, yes, it 
even opens doors. 
The Polaroid Ultrasonic Ranging 
System is an accurate, highly sensi-
tive way to detect and measure the 
presence and distance of objects 
from 10.8 inches to 35 feet. 
What's more, accuracy, sensitivity 
and range can all be improved with 
circuit modifications. 
Three of a kind. Polaroid offers 
three ultrasonic transducers for a 
wide variety of applications. You can 
choose the original instrument-
grade transducer, proven in millions 
of SX -70 Sonar Autofocus cameras. 
Or our Environmental Transducer, 
available in a sturdy 
housing to with-
stand exposure 
to rain, heat, 
cold, salt spray, 
chemicals, shock 
and vibration. And 
now you can select our newest, 
smallest transducer, developed for 
Polaroid Spectra, the camera of the 
future. All use reliable, accurate and 
sensitive electrostatic transducer 
technology. All are backed by 
Polaroid. 
Get a $2 Million Head Start. Polaroid spent over $2 million developing the Ultrasonic Ranging 
System. But now you can get this technology in our Designer's Kit foronly$165*. To order your 
Designer's Kit, please send a check or money order for $165 for each kit, plus all. applicable state 
and locaf taxes, to: Polaroid Corporation, Ultrasonic Components Group, 119 Windsor Street, 
Cambridge, MA 02139. Questions? Call Polaroid's Applications Engineers at 617·577·4681. 
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monic motions of the arm when the arm is 
freely oscillating; and (3) by direct com-
parison of microforce to standard weight 
when the arm and torsion wire are held 
horizontally. The values of pulloff force 
determined by all three methods of calibra-
tion have been found to be nearly the 
same. 
For the measurement of friction force, a 
pin specimen is mounted on the end of a 
beam that is, in tum, mounted on a mi-
crometer-type manipulator. The beam in-
cludes two mutually perpendicular flats in-
strumented with strain gauges (see Figure 
2). A flat specimen is mounted on a vertical 
beam on another micrometer-type manip-
ulator. The flat and pin specimens are 
pressed together, and the manipulators 
used to slide them horizontally or vertically 
against each other. The load (pressing) 
force and the sliding (frictional) force are 
measured by the strain gauges. 
This work was dCXJe by Kazuhisa Mr,oshi 
of lewis Research Center. Further infor-
mation may be found in 
NASA TM-101959 [N89-20253] "Design, 
Development, and ,Applications of Novel 
Techniques for Studying Surface Mechan-
ical Properties;" 
NASA TM-1oo799 [N88-20454] "Develo,:r 
ment of a Torsion Balance for Adhesion 
Measurements;" 
NASA TM-101377[N89-11913] "Adhesion, 
Friction, and Wear of Plasma-Deposited 
Thin Silicon Nitride Films at Temperatures 
to 700 °C;" and 
NASA TP-2449[N85-21359] "Humidity Ef-
fects on Adhesion of Nickel-Zinc Ferrite in 
Bastic Contact With Magnetic Tape and 
Itself." 
Copies may be purchased [prepayment 
required] from the National Technical In-
formation Service, Springfield, Virginia 
22161, Telephone No. (703) 487-4650. 
Rush orders may be placed for an extra fee 
by calling (BOO) 336-4700. 
LEW-14903 
Thermocouple 
Sliding 
Figure 2. Strain Gauges Measure PreSSing 
and Sliding Forces as p in and flat 
specimens are rubbed against each other. 
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Far more than the fastest 
pen plotter you can get. 
Roll feed in. Cut sheet out. Automatically. 
True high-performance plotting 
means more than throughput alone. 
With the ace G1845-AC it includes 
the most complete media handling of 
any pen plotter you can buy, and 
networking capabilities you can't get 
anywhere else. 
Automatic Cutting. The G1845-
AC is the first pen plotter to give you 
the at-your-seat convenience of roll-
feed input with single-sheet output, 
cut and stacked and ready to go. 
Roll feed gives you up to 40 
E-size drawings without reload-
ing- and handles drawings 
from 11 inches wide to 15 feet 
long. Automatic cutting lets 
you get your drawings without 
further handling - there's no 
manual cutting and no smudg-
ing or wrinkling of final plots. 
Fast, Accurate Plotting. 
Your plots are done quickly, at 
,. '--'-~ .... .,.. 
~-"'''''''''-
Circle Reader Action No. 588 
pen speeds up to 55 I PS and 6 Gs 
of acceleration - the fastest speed of 
any pen plotter. Pen Manager'· en-
sures that you'll always have ready-to-
use pens on the job, and SoftLanding ~ 
delivers clean, precise plots every 
time. SmartBuffer'· with capacity up 
to 4MBytes frees your computer 
while the plotter finishes your draw-
ing, and lets you scale and rotate 
drawings off-line. 
NetworlOng. The G1845-AC is 
fully compatible with all leading 
computers and CAD software. It's 
also the first networkable plotter with 
Apple Talk~ and the first with data 
format recognition that automatically 
configures the machine for different 
CAD packages. 
It all adds up to true unattended 
operation for individuals and work-
groups, faster than you can get it from 
any other pen plotter. And it costs 
thousands of dollars less than the 
most advanced pen plotter from 
any other manufacturer. 
You can learn more about how 
the ace G1845-AC just might be the 
best performer in your application by 
calling (800) 545-5445. We'll put 
you in touch with an ace Graphics 
reseller who can show you the 
fastest pen plotter you can get-
and more. 
PenManager. Softlandlng and SmanBuffef are 
trademarks of Oce GraphIcs USA Inc. AppieTaik os a 
reg<stered llademark of Apple Computer. Inc. 
Oce Graphics USA Inc. 
385 Ravendale Drive 
P.O. Box 7169 
Mountain VtfNV. LA 94039-7169 
Phone: (BOO) 545-5445 
(415) 964-7900 
Formerly Schlumberger Graphics 
Copynght 1990. Oce Graphtcs USA Inc. 
BOARD 
LEVEL 
TIMING 
PRODUCTS 
• Synchronize 
Multiple 
Processors 
• Time Tag Data 
Bancomm's line of board level tim-
ing products generate and/or decode 
standard time code formats (IRIG, 
XR3, 2137, NASA36, etc.). 
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PC AT/XT: 
• Millisecond Resolution 
PC03XT Time Code Reader 
PC05XT Time Code 
Generator 
PC09XT SLOCODE/ 
DC Level Shift 
PC11XT Parallel Output 
PC16XT Transport Control 
VMEbus: 
• Microsecond 
Resolution 
PC03V Time Code Processor 
PC05V Time Code Generator 
PC26V Time Code Display 
Call or contact: 
blc BANCOMM 
Division of Datum Inc. 
6541 Via del Oro 
San Jose, CA 95119 
TEL (408) 578-4161 
FAX (408) 578-4165 
1111111 
Circle Reader Action No. 658 
Apparatus for Tests of Percussion Primers 
Tests are conducted under realistic conditions. l'~ Langley Research Center, Hampton, Virginia 
A test apparatus and method have been 
developed to measure the ignition capability 
of percussion primers. Since the 1815 inven· 
tion of percussion primers, no test method 
has been generally accepted for measur· 
ing their output performance. Consequent· 
Iy, no specification, military or commercial, 
contains any requirements for this output. 
The test method fills this technology void 
by providing an approach to quantify the 
ability of primers to ignite a small quantity 
of ignition material. This method closely sim-
ulates actual conditions and interfaces en· 
countered in such applications as in muni· 
tions and rocket motors. 
The figure, showing a cross section of 
the test chamber (bomb) illustrates the test 
conditions. The primer is installed into its 
holder, which in turn is held in place by an 
adapter. A 200-mg charge of FFG black 
powder is placed in the ignition-material 
holder, which is then inserted into the test 
cavity and held in place with a plug. A weight 
dropped onto the firing pin drives the pin 
into and ignites the primer. The primer out-
put (heat, gas, light, and burning particles) 
is directed onto and ignites the black powder 
within the small volume of the cup in the 
ignition-material holder. The gas generated 
b the combustion of the black wder 
Primer 
Holder 
Ignition 
Material----m75~~~~_ 
vents through six small holes from the cup 
into the test bomb cavity, where the resulting 
pressure is measured by the pressure trans· 
ducers. 
The firing-pin impact and pressure traces, 
recorded by a high-response tape deck, are 
analyzed to determine the function times 
and characterize the output performances 
of different types of percussion primers. The 
rate at which the flame spreads through, 
and combustion occurs in, the black pow-
der is directly relatable to the type of primer. 
A "hot" output of high-pressure gases and 
burning particles produces a much faster 
burning of the black powder than does a 
"soft" output of low-pressure gases and no 
burning particles. 
This 'NOrk was done by Laurence J. 
Bement of Langley Research Center 
James W Bailey of PRC, and Morry L 
Schimmel of Schimmel Co. For further in-
formation, Circle 98 on the TSP Request 
Card. 
This invention is owned by NASA, and a 
patent application has been filed. Inquiries 
concerning nonexclusive or exclusive 
license for its commercial development 
should be addressed to the Patent Counsel, 
Langley Research Center [see page 18}. 
Refer to LAR-13996. 
Pressure r-~~~~~ ~.:L....~ 
Transducer L..._~~~~ 
Pressure 
17/?J~~~_.J Transducer 
Plug (With Cavity) 
The Ignitablllty:resting Apparatus is a small bomb instrumented with pressure transducers. 
The sizes, shapes, and positions of bomb components and materials under test can be selected 
to obtain quantitative data on ignition over a range of realistic operating conditions. 
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43 Model of Bearing With Hydrostatic Damper 
Model of Bearing With Hydrostatic Damper 
The model accurately represents the nonlinear aspects of the dynamics. 
Marshall Space Flight Center, Alabama 
All improved mathematical model of the 
rotational and vibrational dynamiCS of a 
bearing package in a turbopump incorpo-
rates the effects of a hydrostatic damper. 
This model is part of a larger finite-element 
model that represents the rotational and vi-
brational dynamics of the rotor and housing 
of the pump. The previous mathematical 
model did not contain enough detail of the 
bearing package to define the effects of 
the hydrostatic damper explicitly. The im-
proved model includes representations of 
the dead band and the nonlinear stiffness 
and damping of the ball bearings, the non-
linear stiffness and damping of the hydro-
static film, and the stiffness of the bearing 
support. 
The hydrostatic damper is a stiff hydro-
static film that forms in the NO.OO1-in. 
(NO.025-mm) radial gap between the outer 
surface of the cartridge and the inner back-
up support that holds the cartridge. There 
is a 0.OOO5-in. (0.013-mm) radial dead band 
between the outer races of the ball bear-
ings and the mating inner cylindrical sur-
faces of the cartridge (see Figure 1). In 
normal operation, fixed· loads on the rotor 
exceed the dynamic loads, and the bearing 
package operates fully engaged at one 
side of the dead band clearance. 
can be determined from this equation. For 
deflections greater than this value, the 
piecewise-linear curve of equivalent stiff· 
ness is then defined by combining only the 
stiffnesses of the ball bearings and backup 
support (that is, by treating the stiffness of 
the hydrostatic damper as though it were 
infinite). 
The improved mathematical model ena-
bles the incorporation of the effects of the 
hydrostatic damper into the overall rotor-
dynamic mathematical model without the 
addition of a mathematical submodel of a 
major substructure. The improved model 
was used in an analysis that led to a pro-
posed design in which the damping of rotor 
vibrations was increased significantly over 
that of the current design. In the proposed 
design, the dynamic loads on the bearing 
would be reduced by as much as 70 per-
cent and the worst~ase stability-threshold 
speed would be increased from 38,200 
rpm to more than 50,000 rpm. 
This work was done by David G. Goggin 
of Rockwell International Corp. for Mar· 
shall Space flight Center. For further in-
formation, Circle 3 on the TSP Request 
Card. 
MFS-29654 
Xt,oualng 
t 
Hydrostat ic 
Damper 
Figurel The Bear-
ing Package, shown 
here in simplified 
form, supports the 
rotor shaft. 
The mathematical model of the bearing 
package incorporates nonlinearity through 
piecewise· linear representations of the c0-
efficients of stiffness (I<) and damping (C) 
as functions of deflections of the various 
components. For each segment of the 
piecewise-linear representation of the 
overall equivalent stiffness (KEQ.JVa)ent), the 
stiffnesses of the ball bearings, hydrostatic 
film, and backup support are combined as 
though these components were springs in 
series (see Figure 2). The relative deflec-
tions of components of the bearing pack-
age at which changes in stiffness occur 
are then defined. 
Kc!amper '" ~.2" 108 Iblln. 
c;,amper '" 357 to &18 1b"8IIn. 
The amount of radial deflection between 
the rotor and the housing is related to the 
deflection of the damper via the bottom 
equation in Figure 2. The deflection required 
to "bottom out" the hydrostatic damper 
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x,.OIO< 
t 
Ball 
Bearings 
RoIO< 
Kequlvalent = v.[.!. +.!. + 1 ]-1 211t.o Ka.e~up Kciam"", 
x"amper = (x,.OIOr - Xhoustng - Deadband) (KeQUIValenl/Kc!amper ) 
Figure 2. The Mathe-
matical Model of 
the Bearing Pack-
age represents the 
stiffness, damping, 
and deadband char-
acteristics of the 
bearing and hydro-
statIc damper. 
43 
Fabrication Technology 
Hardware, Techniques, 
and Processes 
44 Plasma Spraying Reclaims 46 Making Ultrathin Solar 
Compressor Housings Cells 
44 Preventing Vapor Deposition 
of the Backs of Substrates 
45 Eliminating Unbonded 47 Bonding Aramid Rope 
Edges in Explosive Bonding to Metal Fitting 
Preventing Vapor Deposition of the Backs of Substrates 
This technique has been applied in the selective deposition of silicon on silicon carbide. 
Langley Research Center, Hampton, Virginia 
A technique that prevents back-side de-
position on substrates in an impinging 
chemical-vapor deposition (CVD) system 
has been developed. If not prevented, 
back-side deposition often results in crack-
ing of the deposit and makes replication in 
a CVD reactor difficult to achieve. Also, the 
new technique does not require any post-
deposition machining to separate the de-
posited substrate from the deposition fix-
ture. 
In this technique, a substrate of any 
shape and size is mounted on a number of 
pillars made of graphite or some other ma-
terial compatible with the deposition proc-
ess (see figure). The pillars are bonded to 
the substrate as close as possible to its 
periphery. A hollow structure, which is 
open on one side and closed on the other 
and is compatible with the substrate, is 
fabricated from Grafoil (or equivalent), 
using graphite cement to bond it together. 
The structure is then mounted on the pil-
lars with the open side facing the back side 
of the substrate. This side is pressed 
against the substrate and is sealed with a 
bonding agent. This arrangement com-
pletely covers the back side of the sub-
strate and prevents any vapor deposition 
on it. However, deposition does occur on 
Flow 
~ ! ~ ! 
Substrate /v///////J////~/ \ r I I I I ~:: G~' I ::y I I I I 
,~ I ~I 
Baffle Post To Hold 
Backplate Substrate 
The Back Side of the Substrate Is Covered 
Completely, allowing vapor deposition only 
on the Grafoil body. 
the Grafoil body. 
Typically, this approach is used when a 
SiC substrate is being coated with Si. Since 
Grafoil is quite flexible , the Si-coated 
Grafoil is readily broken into small pieces 
for removal from the substrate by use of a 
piercing tool and a pair of pliers. Because 
the substrate is perpendicular to the 
Grafoil body and the flexible Grafoil 
deforms as stresses develop (due to 
growth of material and mismatch of ther-
mal expansion), the cracks do not pro-
pagate into the substrate. 
This technique is inexpensive, does not 
require any machining to remove excess 
material, and is easy to use. It has been 
used successfully in the selective deposi-
tion of SiC and Si in a CVD reactor. 
This work was done by Jitendra S. 
Goo/a, Roy Jaworski, and Raymond L. 
Taylor of Morton Thiokol, Inc.lCVD Inc. for 
Langley Research Center. No further 
documentation is available. 
In accordance with Public Law 96-517, 
the contractor has elected to retain title to 
this invention. Inquiries concerning rights 
for its commercial use should be ad-
dressed to 
Gerald K. White, Esq. 
Director, Patents and Trademarks 
Morton Thiokol, Inc. 
110 North Wacker Drive 
Chicago, IL 60606-1560 
Refer to LAR-14071, volume and number of 
this NASA Tech Briefs issue, and the page 
number. 
Plasma Spraying Reclaims Compressor Housings 
Metal coats are deposited on worn and pitted areas. 
Lewis Research Center, Cleveland, Ohio 
Plasma spraying has been found to be 
an effective technique for the addition of 
metal to out-of-tolerance magnesium-alloy 
turbine-engine compressor housings. 
Without the plasma-spraying process, the 
housings could not be reclaimed. The plas-
ma-spraying process is used to build up 
material in worn and pitted areas. The new-
ly applied material is then remachined to 
the specified surface contours. 
The reclamation procedure can be 
summarized as follows: 
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1. Disassemble, clean, remove paint from, 
and degrease the housing. 
2. Place the housing on a suitable locating 
fixture on a vertical turret lathe or equiva-
lent machine tool. 
3.Place a template of the desired contour 
in the trace section of the turret lathe. 
4.Machine the affected areas of the 
housing to contours that provide for the 
subsequent plasma spraying and final 
machining to result in minimum p1asma-
spray buildups of 0.017 in. (0.43 mm). 
5.Treat all machined surfaces with chro-
mic acid solution. 
6. Degrease in trichloroethylene vapor. 
7.Set the plasma-spraying gun to the 
specified current, wltage, gas pressures 
and other operating parameters for the 
awIication of a Ni-5AI (parts by weight) 
composite bond coat. 
8. Blast the affected areas with angular 
steel grit. Remove residual grit and 
foreign particles with clean, dry air. 
9.Apply the specified tape or brush-on 
maskant to prevent deposition on the 
areas not to be built up. 
10. Position the p1asma-spraygun 5 in. (12.7 
cm) from and aimed perpendicularly at 
the surface to be treated. Load the 
powder feeder with the powdered-metal 
ingredients of the bond coat. 
11. Plasma-spray the bond coat at a rate of 
0.CXXl4 to 0.(0)6 in. (0.01 to 0.015 mm) 
per pass to obtain a buildup of 0.004 to 
0.006 in. (0.1 to 0.15 mm). 
12. Set the gun to the specified operating 
parameters for the awlication of a AI-12 
Si alloy (parts by weight) overcoat. Load 
the powder feeder with the powdered-
metal ingredients of this coat. 
13. Plasma-spray the overcoat at 0.004 to 
0.006 in. (0.1 to 0.15 mm) per pass until 
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the final thickness is 0.015 to 0.020 in. 
(0.38 to 0.51 mm) greater than the speci-
fied final thickness. 
14. Machine the built-up areas to the speci-
fied final dimensions. 
15.Treat all reworked aluminum and mag-
nesium surfaces with corrosioni>reven-
tion ooIutions. 
To assess the reclamation process, 
tensile-strength tests were conducted on 
specimens that had been plasma-sprayed 
to coating thicknesses of 0.020 to 0.100 in. 
(0.51 to 2.54 mm). The specimens were 
also thermally cycled. The results showed 
that thermal cycling did not reduce tensile 
strength. Furthermore. compressor hous-
ings were plasma-sprayed and thermally 
cycled in 15O-h engine tests and 2OO-h 
flight tests, during which the turbine engine 
was operated at a variety of loads, speeds, 
and torques. The plasma-sprayed coats 
showed no evidence of degradation or 
delamination from the oompressor hous-
ings. 
This v.crk was done by George W wissler 
of Sverdrup Techndogy, Irr::., and John S. 
Yuhas of the u.s. Almy Aviation Research 
and Technology Activity (AVSCOM) for 
lewis Research Cen1er. Further informa-
tion may be found in NASA TM-101310 
[N89-10156], 'T55-L-712 Turbine Engine 
Compressor HOUsing Refurbishment-Ptas-
ma E:pray Project." 
Copies may be purchased [prepayment 
required] from the National Technical In-
formation Service, Springfield, Virginia 
22161, Telephone No. (703) 487-4650. 
Rush orders may be placed for an extra fee 
by calling (BOO) 3364700. 
LEW14899 
Eliminating Unbonded Edges in Explosive Bonding 
A notch in the flyer plate eases removal of unbonded material. 
Lang/ey Research Center, Hampton, Virginia 
the adhesive and jettisons the filler materi-
al, leaving an empty notch. The loose edge 
of the flyer plate can now be bent so that it 
breaks at the base of the notch, which co-
incides with the limit of the bonded area. A 
clean, void-free edge is thus formed. 
M explosive-bonding technique elimi-
nates the sharp unbonded notch that nor-
mally occurs between the flyer plate and 
baseplate. The new technique makes rt 
possible to simply break away the unbond-
ed outer extremny of the flyer plate; it is no 
longer necessary to grind away the un-
bonded edge to prevent the collection of 
corrosive contaminants in edge voids. 
In the previous standard explosive-
bonding method, the limit of the bonded 
area is not well defined; in repeated bond-
ing cycles in the same setup, the bonded 
area varies, and its edge cannot be pre-
dicted precisely. To be sure that the bond-
ed area extends at least to the prescribed 
limit, the flyer plate must overlap the base-
plate well beyond that limit. Then, after 
bonding, nondestructive ultrasonic inspec-
tion is used to determine where the limit of 
the bonded area actually lies, and the un-
bonded edge of the flyer plate is ground 
away to that point. 
In the new method, a notch is cut in the 
flyer plate and filled with a material that has 
I=:.L ~~- ! I ~~g:-
-
,HnW. ..... 
ur..uuHI lM .WAY L--___________ ---..J 
The Bent. Notched Flyer Plate IS set up lor 
explosive bonding (top). After detonation, 
thenotch is empty. and the flyer plate IS bonded 
to the baseplate between points A and B 
(center). Theouter part ofthe lIyer plate IS bent 
like a leverto separate It from the bonded part 
(bottom). The ribbon explosive (and the bond) 
extend perpendicularly to the plane of the 
paper. 
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properties similar to those of the flyer plate 
(see figure). The filler is held in place by an 
adhesive. As is usual in Langley Research 
Center's explOSive seam-welding process, 
the flyer plate is prebent to give n the opti-
mum high-velocity collision angle. Double-
backed tape holds the ribbon explosive in 
place, centered over the bend line. 
When the explosion in the ribbon is deto-
nated, it generates a pressure wave that 
drives the flyer plate against the baseplate 
so that the plates bond between edges A 
and S, The force of the explosion fractures 
The method has been used to bond tan-
talum plates 0_064 in. (1.63 mm) thick. 
Three strands of solid lead solder wire 
were used as the filler. The plate was bent 
to make an angle of 2.5 0 with the baseplate 
on both sides of the vertex. The notch was 
cut by a hemispherical end mill 0.060 in. 
(1.52 mm) in diameter, to a depth of 0,040 
in. (1.02 mm). 
Other plate materials can be similarly 
Drive Your Designs 
ThroughJPS 
For more infonnation, write: 
Urethane Thbing from JPS 
Elastomerics delivers the perfor-
mance and the ae thetics to 
enhance any design. It' kink 
resistant, flexible to -65°F., 
with twice the bursting strength 
ofviny1! 
Just compare the e features: 
o Flexibility 
o Chemical and Temperature 
Re i tance 
o Variety of Durometers 
o Range of Colors 
o Heat Resistance 
JP Elastomerics Corp., Industrial Products Division 
ortMmpton, MA 01061-0658 413-586-8750 
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joined by optimizing the bonding parame-
ters: location, shape, and depth of the 
notch; the filler material; bend angle and 
thickness of the flyer plate; and the amount 
and placement of explosive. For simplifica-
tion, the flyer plate would not be bent, and 
masking tape would be applied to separate 
the plates outside of the notch. The ex-
plosive would be initiated as before, and 
the outer tab of the flyer plate would be 
bent as before to break it off at the notch. 
The method is not limited to flat surfaces. 
This work was done by Laurence J. 
Bement of Langley Research Center and 
Anne C. Kushnick of PRC. For further infor-
mation, Orcle 2 on the TSP Request Card. 
~~ Making Ultrathin Solar Cells 
This invention is owned by NASA, and a 
patent application has been filed. Inquiries 
concerning nonexclusive or exclusive 
license for its commercial development 
should be addressed to the Patent 
Counsel, Langley Research Center [see 
page 18]. Refer to LAR-14096. 
Thin, efficient cells are fabricated without breakage or special handling. 
NASA 's Jet Propulsion Laboratory, Pasadena, California 
A process produces extremely thin 
silicon solar cells - only 50 )4T1 or less in 
thickness. Conventional solar cells are 300 
)4T1 or more in thickness. Because the new 
cells are so thin, electrons and holes have 
less opportunity to recombine before they 
are collected at the cell surfaces. Efficien-
cy is therefore higher than in conventional 
solar cells. Moreover, because the volume 
of silicon is small, there is less chance of 
radiation damage in the new cells. 
Thin solar cells are more fragile. There-
fore, the initial steps in the new process are 
carried out at normal thickness to reduce 
breakage and avoid the extra cost of spe-
cial handling. The cells are then thinned 
mechanically and chemically. 
The final cell includes a reflective layer 
on the back surface. The layer bounces 
unabsorbed light back into the bulk silicon 
so that it can be absorbed and produce 
useful electrical output. 
Standard techniques are used in the first 
stage of the process. An oxide layer is 
grown on the front surface of a p-type sili-
con wafer 350)4T1 thick (see figure). A hole 
is etched in the oxide, and an n-type dopant 
is deposited through the hole, forming a pin 
junction in the wafer. A passivating thin ox-
Thin 
Oxide Metal 
ide layer is grown aver the n-type layer. 
Contact holes are etched in the thin oxide. 
Metal is deposited over the wafer, filling the 
holes. The metal is etched into a comb-
shaped interconnection grid. An antireflec-
tion coat of tantalum oxide and aluminum 
oxide layers is deposited on the thin oxide. 
As the final step in this stage, a layer of 
sintered aluminum is formed on the back 
surface so that the cell can be tested. 
In the next stage, a cover glass is bond-
ed with an adhesive to the front surface of 
the wafer. The cover glass may be coated 
to improve its transmission of visible light 
and reflect unwanted ultraviolet radiation. 
The adhesive is a clear, ultraviolet-resistant 
material such as a commercial fluoropoly-
mer adhesive. 
In the third and final stage, the back of 
the wafer is ground in a conventional sili-
con-wafer-grinding machine to a thickness 
of about 100 f4T1 . The back surface is 
polished in a ceramic distortion-free vacu-
um chuck until it is smooth within ± 3 )4T1 
across its 3-in. (7.&cm) diameter. The back 
surface is etched in potassium hydroxide 
solution until the thickness of the wafer is 
reduced to 50 )4T1. A final etch in mixed 
hydrofluoric and nitric acids removes 1,000 
to 2,000 A from the back, producing a 
clean surface. 
A highly doped ohmic-contact layer is 
formed on the back by the follOWing steps: 
First, a layer of amorphous silicon contain-
ing 20 to 50 weight percent of boron d0-
pant is deposited on the back to a thick-
ness of 50 to 5ClO A. Then the layer is 
melted with a pulsed laser beam so that it 
diffuses partially into the bulk silicon, form-
ing a thin alloy layer. This second step is 
carried out by moving the wafer in a vacu-
um chuck, step by step after each laser 
pulse, until the entire back surface has 
been scanned. 
A pulsed excimer or neodymium:yttrium 
aluminum garnet \'fAG) laser is used. The 
energy density in the beam is kept low - 1 
to 3 J/cm2 - so that the beam penetrates 
the wafer only slightly. It therefore does not 
damage the crystal structure (and create 
recombination centers) as ion implantation 
or laser annealing WOUld. In addition, the 
laser pulses are kept short - about 50 
ns - so that they do not overheat the 
adhesive on the front. The temperature of 
the adhesive bond should not exceed 
150 "C, even briefly. 
A dielectric layer is deposited on the 
back ohmic layer. The layer is formed from 
the decomposition of silane and ammonia 
in a plasma, at a temperature of about 
100 °e. Contact holes are etched in the 
Front /' Interconnection 
~5~~~b~~d~d~:z::;~~~:z::;~t-oxlde 
A Thin Solar Cell is dielectric layer. Finally, a layer of aluminum 
is deposited on the back surface and into 
the contact holes. The aluminum layer 
serves as both a reflector of light and an 
electrical contact to the back face. 
FIRST 
STAGE 
46 
Blck p·Type 
Silicon 
Wafer 
pin Junction 
Aluminum 
Layer 
Prepared in three 
stages. The principal 
innovations-apply-
ing a cover glass and 
thinning the wafer on 
its cover-glass sup-
port-appear in the 
middle and final. 
This vvork was dcxle by George W Cogan, 
Lee A. O1ristel, J. Thomas Merchant, and 
James F. Gibbons of SERA Solar Corp. for 
NASA's Jet Propulsion Laboratory. For 
further information, Orcle 126 on the TSP 
Request Card. 
In accordance with Public Law 96-517, 
the contractor has elected to retain title to 
this invention. Inquiries concerning rights 
for its commercial use should be ad-
dressed to 
George W Cogan 
General Manager 
SERA Solar Corporation 
3131 Jay Street 
Santa Dara, CA 95054 
Refer to NPO-1 7798, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 
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Bonding Aramid Rope to Metal Fitting 
Strength is increased over that of eye splices and swages . 
Lyndon B. Johnson Space Center, Houston, Texas 
A method for joining Kevlar (or equiva· 
lent) aramid rope to a tubular corrosion-re-
sistant steel end fitting increases the 
strength of the joint under tension to ap-
proximately three-fourths that of the rope 
itself. The previous methods of joining -
eye spliCing and swaging - could provide 
only 25 percent of the strength of the rope. 
..... -+-r-- 0.300 
Radius 
2.50 
1----- 1.50 ----~ 
External 
Thread 
The end fitting (see figure) has an extern-
al thread for attachment to a structure. The 
tube also has an internal thread. In the fab-
rication process, the adhesive-impregnat-
ed rope end is inserted in the bore of the 
tUbe. The internal thread provides a more 
effective bonding area and better bearing 
and shear-loading capability, thereby in-
creasing the tensile strength of the cured 
jOint. So that the internal thread does not 
come to a sharp edge that might abrade 
the rope, a pilot hole is first drilled through 
the tube with a slightly larger tap drill 
diameter than is usual for the thread size; 
then, when the thread is tapped, the crest 
is flat rather than pointed. 
Note: Dimensions are In Inches. 
DETAIL 
(Not to Scale) 
Chamfer 
This work was done by Dung T. To and 
Shigeru Oishi of Rockwell International 
Corp. for Johnson Space Center. For fur-
ther information, Circle 65 on the TSP Re-
quest Card. MSC-21618 
The End Fitting contains an internal thread, which provides a good bonding surface. 
A small radial hole enables the injection of adhesive into the bore. 
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State-Variable Representations for Moving-Average Sampling 
Observability and controllability should be enhanced. 
Marshall Space Flight Center, Alabama 
Two state-variable representations 
have been derived for a continuous-time 
plant driven by a control algorithm that in-
cludes a zero-order hold and measure-
ments sampled at multiple rates by multi-
ple-inputlmultiple-output mo'{ing-average 
processes. The new representations are ex-
pected to enhance the observability and con-
trollability of the plant. ,Applications are likely 
to include the mathematical modeling of 
navigation systems that include star track-
ers, gyroscopes, and accelerometers. 
Two state-variable representations had 
been derived previously for such a system 
with measurements sampled at a single 
rate (see Figure 1). The system is repre-
sented at instants separated by periods of 
T. Samples of the output vector z(t) are 
taken at N consecutive intervals of TIN 
(where N is an integer) and multiplied by 
weighting matrices Hi (where i = 0 to 
N -1). In the first representation, the re-
sulting products are summed and divided 
by N to obtain the moving-average meas-
urement vector Y F at intervals of T. In the 
second representation, which is intended 
for use in exact state reconstruction in a 
deterministic control system, a modified 
moving-average measurement vector YFis 
generated by subtracting, from Y F' a feed-
forward signal consisting of a delayed, fil-
tered version of the control vector. 
The new state-variable representations 
are extensions of the foregoing and apply 
to a system that is similar except that multi-
ple samples of z(t) are taken at intervals 
from TIN to TI2 (see Figure 2). In the first 
representation, the state vector x and aux-
iliary vectors 1')2 through I')N at sampling in-
stant (k + 1) T are specified in terms of the 
state and auxiliary vectors at sampling in-
stant kT, of the control vector u at instant 
k T, and of various matrices derived from the 
control system output and vveighting ma-
trices. The instantaneous output-measure· 
ment vector Y, and the moving-average· 
sampled output measurement vectors Y F2 
through Y FN at sampling instant kT are 
specified in terms of the state and auxiliary 
vectors at kT and a matrix based on the 
instantaneous output matrix CJ. In the 
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Figure 1. Measurements of the Output are N-term averages produced at intervals of T by 
summing sequences of N weighted samples taken at intervals of TIN. 
Figure 2. This System is Similiar to that of Figure 1, except that the output vectors are sampled 
at multiple rates. 
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second representation, x[(k + 1)7] is ex-
pressed in terms of x(k7), u(k7), and vari· 
ous matrices derived from the control and 
system matrices, while y,(kT) and YF2 (kT) 
through YFN (kT) are specified in terms of 
x(k7), C, and matrices constructed from 
the output and weighting matrices of the 
various sampling rates. 
This work was done by Michael E. 
Polites of Marshall Space A ight Center. 
Further information may be found in NASA 
Tp·2909 [N89-24507], " Further De-
velopments in Modeling Digital Control 
Systems With MA·Prefiltered Measure-
ments." 
Copies may be purchased [prepayment 
required] from the National Technical In-
formation Service, Springfield, Virginia 
22161, Telephone No. (703) 487·4650. 
Rush orders may be placed for an extra fee 
by caffing (BOO) 336-4700. 
MFS-28405 
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Recursive Inversion by Finite-Impulse-Response Filters 
The recursive approximation gives a least-squares best fit to the exact response. 
Ames Research Gente" Moffett Field, California pulse response. 
A recursive algorithm yields a finite-im· 
pulse-response apprOximation of an un· 
known single-input/singl&<>utput, causal, 
time-invariant, linear, real system, the reo 
sponse of which is a sequence of impulses. 
The algorithm is applicable to such system-
inversion problems as the suppression of 
echoes and the identification of a target 
from its scatter response to an incident im· 
pulse. 
The response (that is, the output) of the 
system is the sequence IYk} , which Is 
related to the input sequence luJ via the 
convolution k 
Yk = h k• Uk =~ h/Uk _i' k~O 
1= 0 
The impulse· response sequence {hk } can 
be deduced from the responses to white-
noise or unit·impulse inputs. The problem is 
to find the inverse impulse-response se· 
quence {h;;-}, which would reverse the 
roles of the input and output according to 
the convolution 
Uk = h;;- .. Yk 
Because the order of a system can be 
so high as to make it impractical to com· 
pute the exact inverse, the problem is 
modified into the search for an Inverse 
impulse-response sequence Ifk} that ap· 
proximates {h k- } . If If k} were exactly equal 
to{h;;-}, then fk·hk would equal the unit im· 
pulse sequence 
dk = {6:~~Z; g 
Therefore, minimization of the sum of 
squares ... 
IIfk·hk-d~12 =~ (fk·hk -dk)2 
k=O 
is a suitable criterion for the approximation. 
The approximation is also subject to the reo 
strictlon that it have a finite impulse re-
sponse of length n. 
It can be shown that the foregoing re-
quirements lead to the recursion 
fm+l = fm-[Rmh,,/(1+h"JnRmhm)]hJntm 
where 
hk = \ [hk.hk_ 1 .. ho.o ... ojTfork<.n-1 
[hk• hk- 1 ... hk _ n +11Tfor k~n 
T denotes the matrix transpose, and 
Rm+l = Rm-[Rmhmh~ Rml 
(1 + h~ Rmhm)] 
The recursion for Rm+l is initialized at 
R - T- 1(T-l)T where n - n n ' 
T-l =r~~h- OJ. ho = 1/ho n . 1 o. 
~n-lh;~2 ... hO 
and 
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k The recursive least-squares procedure 
h;;- = (-lIho)~ h;;-_,h; for k~ 1 can be mcxlified to compensate a system 
1=1 by cascading it with a relatively simple 
AA approximate mathematical model of system to obtain an approximation of a 
the system can be found by inverting the desired impulse response Igk }. In this 
approximate inverse {fk}. Expressedasaz case. the recursion is derived from 
transform. the model is of the all-pole type; minimization of the norm 
namely. (n-l )-1 IIfk'hk-g~1 
~f k z - k This work was done by Ralph E. Bach. 
k =0 Jr., and Yoram Baram of Ames Research 
This approach yields a solution to the prob- Center. For further information, Orele 9 on 
lem of system identification from its im- the TSP Request Card. ARC-12247 
3801 North Rose Street 
Schiller Park, IL 60176-2190 
Illinois: 708-671-6670 
FAX: 708-671-9469 
Call Toll Free: 1-800-s33-3156 
Circle Reader Action No. 500 
See us at Communication Networka, 
Washington D.C. 1129-1/30 Booth 1:970-972 
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l'J Interleaving Would Enhance Trellis-Coded Modulation 
Errors caused by imperfect carrier demodulation references would be reduced. 
NASA's Jet Propulsion Laboratory, Pasadena, California 
Interleaving of syrrtJoIs transmitted via trel-
lis-<XXled modulation, together with deinter-
leaving at the receiver, is expected to reduce 
the "radio" or "noisy-reference" loss en-
countered in reception. This loss is an in-
crease in the bit-error rate (or, equivalently, 
a decrease in the effective signal-to-noise 
ratio), caused by phase error between the 
received signal and the locally generated 
carrier reference signal used to demodulate 
the received signal. 
In a practical receiver, the coherent de-
modulation reference is derived from a 
carrier-synchronization subsystem, e.g., a 
Costas loop in a suppresseck:arrier system 
or a phase-locked loop in a discrete-carrier 
system. Because this subsystem derives its 
reference from a noisy version of the trans-
mitted signal, the phase of the demodula-
tion reference includes a random erroneous 
component. The manner in which the ran-
dom error process degrades the error-prob-
ability performance of the receiver depends 
on the ratio of the data rate to the bandwidth 
of the loop or, equivalently, on the rate of 
variation of the phase error during a data· 
symbol period. In many applications, this 
rate of variation is large; that is, the data rate 
is much higher than the bandwidth of the 
Without 
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Bit Slgnal·to·Noise Ratio, dB 
The Bit·Error Rate of a system based on rate-
one-half, two-state-trellis-<:oded, quadrature-
phase-shift keying and a loop signal·to-noise 
ratio of 13 dB was computed for transmission 
both with and without interleaving. Also 
shown for comparison is the plot for zero radio 
loss - that is, ideal carrier synchronization. 
loop. In such a case, the phase error can 
be considered to be constant during sever-
al consecutive symbol periods . 
Representative cases of this type were 
analyzed theoretically, both without inter-
leaving and with interleaving to a depth of 
- 1/BtTs symbols, where BL = the band· 
width of the loop and T s = the symbol 
period. The analysis showed that the radio 
loss can be reduced significantly (see fig· 
ure). The amount of this reduction depends 
on the particular trellis code and the region 
of operation of the system as characterized 
by such parameters as the bit-error rate and 
the signal-to-noise ratio of the loop. If the 
radio loss is already small even without in-
terleaving (as tends to be true in suppressed-
carrier systems), interleaving does not help 
much. Nevertheless, if the system can tol-
erate the delay associated with the interleav· 
ing/deinterleaving process, it is useful to in-
clude this process in the system design be-
cause it also helps to reduce the degrada-
tion caused by such other impairments of 
a bursty nature as intersymbol interference 
and fading. 
This oork was done by Oariush Oivsalar 
and Marvin K. Simon of Caltech for NASA's 
Jet Propulsion laboratory. For further in-
formation, Circle 124 on the TSP Request 
Card. 
NPQ-17899 
. Generalized Covariance Analysis for Remote Estimators 
Applications include a variety of remote-control systems with and without delays . 
NASA's Jet Propulsion Laboratory, Pasadena, California 
A technique has been developed to pre· 
dict the true covariance of a stochastic 
process at a remote location when control 
is applied to the process both by an auton· 
omous (Iocal-estimator) control subsystem 
and a remote (non·local-estimator) control 
subsystem. The technique was intended 
originally to be used in the design and 
evaluation of ground-based schemes for 
the estimation of the gyro parameters of 
the Magellan spacecraft. Potential ter-
restrial applications include navigation and 
the control of industrial processes. 
Systems that involve combinations of 
autonomous and remote control - espe-
Cially deep-space missions that depend on 
ground-based estimation and control -
are characterized by communication and 
processing delay. To obtain a timely re-
sponse to information available at the 
spacecraft (or process location), it is neces-
sary to make the spacecraft Oocal) control 
subsystem at least partly autonomous in its 
estimation and control capabilities. On the 
other hand, the limitations of the onboard 
52 
computational capacity, combined with 
other practical considerations, make it 
necessary to perform the most sophisti· 
cated computations at the ground station 
(remote) control subsystem. 
Ground-based (remote) control provides 
improved estimation, but it is here that the 
inherent communication and processing 
delays and the other limitations on com-
munication exert their deleterious effects. 
As a result, the ground-based (remote) esti-
mates of parameters of the process are 
conditioned on only a subset of the data 
available to the spacecraft (local) control 
subsystem, and the ground-based-estima-
tion problem has to be treated as a predic-
tion prolblem rather than as the standard 
filtering problem of the local estimator. 
The new technique for computation of 
the true covariance of the process has the 
following salient features: 
• A generalized state vector is defined to 
characterize the overall system. This vec· 
tor is a concatenation of the state vector of 
the system or process to be controlled, the 
state vector of the local estimator, the 
delayed state vector of the remote estima· 
tor, and a measurement vector of variable 
but unbounded dimension. 
• A generalized covariance matrix is defined 
for the generalized state vector. 
• Efficient, numerically stable matrix·factori-
zation algorithms are provided for meas-
urement, control, and time propagation 
0.e., updating) of the factors of the general· 
ized covariance matrix. 
It is, of course, possible to specialize this 
general approach to the case in which the 
remote and local estimators operate syn· 
chronously. It is then also possible to gen· 
eralize to the case of more than two esti· 
mators. Thus modified, the new method 
provides means for the evaluation of a 
distributed-estimation scheme that has 
negligible delays. 
This work was done by Jack N. Boone of 
Martin Marietta OJrp. for NASA's Jet Pro-
pulsion laboratory. For further informa-
tion, Circle 69 on the TSP Request Card. 
NPO-17824 
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~~Cloned Hemoglobin Genes Enhance Growth of Cells 
Cells are "infected" with oxygen-binding capability. 
NASA's Jet Propulsion Laboratory, Pasadena, California 
Experiments have sho.vn that portable 
deoxyribonucleic acid (DNA) sequences 
can be incorporated into host cells to make 
them produce hemoglobins - oxygen-
binding proteins essential to the function of 
red blood cells. This biotechnological feat 
is accomplished by a recombinant-DNA 
method that includes the follawing essen-
tial steps: 
• Preparation of part of a gene or other 
natural or artificial DNA sequence capa-
ble of directing the host cell to produce 
hemoglooin; 
• Ooning the portable DNA sequence di-
rectly into the host cell or into a vector 
(e.g., a plasmid or virus) that can be trans-
ferred into, and be replicated in, the host 
cell; 
• Transferring the vector Of used) into the 
host cell; 
• Culturing the host cell under conditions 
that favor the replication and prq)agation 
of the vector and the production of the 
hemoglobin; and 
• Harvesting the protein and activating it to 
bind oxygen. 
The host cells used in the experiments 
were Escherichia coli bacteria. The port-
able DNA sequence chosen for the experi-
ments was part of the genetic material of 
the bacterium Vitreoscilla, which produces 
a type of hemoglobin. The vectors were 
pUCI9/pRED2 and other plasmids of the E. 
coli cells (see figure). 
The vectors were chosen on the basis of 
their ability to cause the host cells to ex-
Amp 
This Nucleotide Sequence of the plasmid 
pUCI9/pRED2 of E. coli includes a part from 
Vitreoscilla that encodes the production of 
hemoglobin. 
press the portable DNA sequence. In par-
ticular, a vector should contain "opera-
tional elements" - DNA sequences that 
express promotion, regulation, and ter-
mination of the production of hemoglooin. 
Finally, DNA sequences for transcription 
and translation should be present. 
One set of experiments yielded recom-
binant E. coli cells that included significant 
amounts of hemoglobin, indicated by a 
reddish tint. In another set of experiments, 
the recombinant E. coli cells were found to 
Environmental Control of a Genetic Process 
graw faster and to a greater density than 
did unaltered cells of the same strain 
grawn under identical conditions. In a third 
set of experiments, it was observed that 
the production of hemoglobin in the recom-
binant cells decreased with an increase in 
the oxygen content of the culture medium. 
The method should be useful in several 
biotechnological applications. One is the 
enhancement of growth of cells at higher 
densities. Another is the production of 
hemoglobin to enhance supplies of oxygen 
in cells, for use in chemical reactions that 
require oxygen, as an additive to serum to 
increase the transport of oxygen, and for 
binding and separating oxygen from mix-
tures of gases. 
This work was done by Chaitan Khosla 
and James E. Bai/ey of Galtech for NASA's 
Jet Propulsion Laboratory. For further in-
formation, Orele 113 on the TSP Request 
Gard. 
/n accordance with Public Law 9&517, 
the contractor has elected to retain title to 
this invention. Inquiries concerning rights 
for its commercial use should be ad-
dressed to 
Edward Ansell 
Director of Patents and Ucensing 
Mail Stop 305-6 
California Institute of Technology 
1201 East California Boulevard 
Pasadena, CA 91125 
Refer to NPO-17517, volume an<l number 
of this NASA Tech Briefs issue, and the 
page number. 
The concentration of oxygen controls the production of hemoglobin. 
NASA 's Jet Propulsion Laboratory, Pasadena, California 
Experiments have shawn that the en-
vironment can be manipulated to control 
such genetic processes as the transcrip-
tion and translation of DNA sequences. In 
particular, E. coli bacteria altered to con-
tain a DNA sequence that encodes the 
production of hemoglobin were made to 
produce hemoglobin at rates that de-
creased with increases in the concentra-
tion of oxygen in the culture media. This 
represents an amplification of part of the 
method described in the preceding arti-
cle, "Ooned Hemoglobin Genes Enhance 
54 
Growth of Cells" (NPO-17517). 
Here, the emphasis is on some of the 
DNA sequences that usually precede the 
gene of interest in a DNA polymer. Among 
these are the "promoter" sequences, 
which provide sites for the initiation of 
transcription of the gene into messenger 
ribonucleic acid. Others, called "regu-
lator" sequences, include attenuators, reg-
ulators, and enhancers, which determine 
the frequency or rate of initiation of tran-
scription and/or translation. The combined 
effect of all of these, knawn collectively as 
"promoter/regulator" DNA sequences, is 
to determine the extent of eventual expres-
sion of the gene. 
There is enormous variety in the struc-
tures and functions of promoter/regulator 
sequences. Functions can be activated or 
deactivated by various environmental fac-
tors, including changes in temperature and 
the presence or absence of various sub-
stances. In this case, the experimenters 
sought a promoterlregulator sequence 
that would switch from law to high ex-
pressive activity at constant temperature 
upon the reduction of the concentration of 
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don't have to shake the container or 
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Your throttle wiJI get silky 
smooth .. .acceleration will improve. 
One customer said his car "takes off 
like a scared rabbit!" 
Tufoil works wonders for all known 
engine oils. It's actually slipperier 
than TeOon (according to a famous 
U.s. Government laboratory). 
You'll get astonishingly fast starts on 
cold mornings with both diesels and 
gas engines. The Canadian govern-
ment tested Tufoil at it's cold regions 
lab. They sbowed faster cranking and 
significant fuel savings witb Tufoil. 
What about additives that claim to be 
a one-time treatment that will last the 
life of an engine? Well, I've been fol-
lowing tbe scientific literature on 
lubrication for a very long time. As 
far as I know, there isn't a sbred of 
scientific evidence for such a claim. 
So don't believe it! 
USE Tuloi/® 
AND YOUR ENGINE 
WILL LAST ... AND 
LAST ..• AND LASTI 
TREAT YOUR CAR 
TO ONE 80Z. BOTTLE OF 
TUFOIL FOR ONE OIL CHANGE 
You'll notice quieter, smoother operation, 
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self the amazing increase in your cars 
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Engines last longer with Tufoil. Our 
1976 476 T-Bird is now at 190,000 
miles and purring. 
A buncb of customers' cars have now 
passed 250,000 miles. 
Several months ago, a nice man I'd 
never seen before walked into my of-
fice, big smile on his face, sat down 
and sai~ "Would you believe 340,000 
miles on a Tufoil engine?" He went on 
to rave about how well his engine has 
been running all tbese years. I 
couldn't get a word in edgewise. 
Recently, a truck driver called in with 
over 1,000,000 miles on a diesel using 
Turoil - WOW! 
A customer from Vermont added 10% 
TuIoiJ to his sticky mechanical trans-
mission, called in and said be couldn't 
believe it._ "Shifting is like slicing but-
ter now!" he said. 
SAAB owners are writing letters 
praising Tufoil in their "NINES" 
magazine. They report spectacular 
improvements in their engines and 
transmissions! 
Don't forget! Tufoil is the result of 
over 15 years of research and develop· 
ment. The U.S. government has 
awarded us 6 patents so far _.so have 
Germany, England, France and 
Canada. 
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oxygen dissolved in the culture medium. 
Such a promoter/regulator sequence 
would be advantageous in a laboratory set-
ting because it is easy to reduce the level of 
dissolved oxygen at high cell densities, 
without having to add any chemicals to the 
growth medium to induce the expression 
of genes. 
The recombinant-DNA concepts and 
techniques used to demonstrate the ma-
nipulation of promoter/regulator DNA se-
quences were similar to those described in 
the preceding article. As before, DNA se-
quences from Vrtreoscilla (strictly aerobic 
bacteria that live in oxygen-poor environ-
ments) were implanted in the E. coli bac-
teria via plasmid vectors. The "upstream" 
On a genetic sense) promoter/regulator se-
quence was fused with a "downstream" 
sequence that encodes hemoglobin. 
The manipulation of promoter/regulator 
DNA sequences opens a promiSing ne'# 
subfield of recombinant-DNA technology 
for the environmental control of the ex-
pression of selected DNA sequences. 
Ne'# recombinant-DNA fusion gene prod-
ucts, expression vectors, and nucleotide-
base sequences will emerge. Ukely appli-
cations for this new technology include 
such aerobic processes as the manufac-
ture of cloned proteins and synthesis of 
metabolites, the production of chemicals 
by fermentation, enzymatic degradation, 
the treatment of wastes, brewing, and a 
variety of oxidative chemical reactions. 
This work was done by Chaftan Khosla 
and James E. Bailey of Caltech for NASA's 
Jet Propulsion Laboratory. For further In-
formation, Circle 110 on the TSP Request 
Card. 
In accordance with Public Law 9&-.517, 
the contractor has elected to retain title to 
this invention. Inquiries concemlng rights 
for its commercial use should be ad-
dressed to 
Edward Ansell 
Director of Patents and Ucensing 
Mail Stop 305-6 
California Institute of Technology 
1201 East California Boulevard 
Pasadena, C4 91125 
Refer to NPO-17576, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 
~~ Membrane Bioreactor With Pressure Cycle 
Inhibitory reaction products and gradients of concentration are removed. 
NASA's Jet Propulsion Laboratory, Pasadena, California 
An improved class of multilayer mem-
brane bioreactors uses convection forced 
t7y differences in pressure to CNercome some 
of the diffusional limitations of prior bioreac-
tors. The problem is to provide nutrients to 
the biocatalyst in a bioreactor and to remove 
the products (including both the product and 
the undesired gaseous or other t7yproducts), 
which can inhibit the activity of the biocata-
lyst and thereby slow or stop production. 
Prior bioreactors have relied largely on dif-
fusion to effect these transfers of materials 
to and from the biocatalyst. In a reactor of 
the new class, a flow of nutrient solution 
reduces adverse gradients of concentration, 
keeps cells supplied with fresh nutrient, and 
sweeps away the products faster than dif-
fusion alone can. As a result, the CNerall yield 
and rate of reaction are increased. 
The principle of operation is illustrated 
with the simple bioreactor shown schema-
tically in the figure. As in some prior biore-
actors, the biocatalyst can be a layer of im-
mobilized celis, (e.g., Saccharomyces 
cerevisiae, which takes up glucose and prcr 
duces ethanol and carbon dioxide). The bi-
ocatalyst is held belO'vV a hydrophobic mem-
brane and above a hydrophilic membrane. 
The nutrient liquid is supplied through the 
hydrophilic membrane from below. The de-
sired product (e.g., ethanol) is dissolved in 
the nutrient liquid and transferred to a sol· 
vent or extractant liquid through a lower hy-
drophobic membrane at the bottom of the 
nutrient layer. The undesired gaseous by-
product (e.g., carbon dioxide) is removed t7y 
a sweeping gas (e.g., air) that flows in the 
space above the upper hydrophobic mem-
brane. 
The pressures in the sweeping gas and 
nutrient liquid are controlled cyclically to otr 
tain the desired cyclical convection of nu-
trient liquid into and out of the biocatalyst 
layer. During one phase of the cycle, the 
56 
pressure in the nutrient layer is made higher 
than the pressure in the sweeping gas, so 
that the nutrient liquid is forced through the 
hydrophilic membrane into the biocatalyst 
layer and the sweeping and t7yproduct gases 
are forced out of the cell layer through the 
upper hydrophobic membrane. The differ-
ence between the pressures is not, however, 
made so great as to force the nutrient liquid 
through the upper hydrophobic membrane 
into the sweeping-gas layer. 
During the ~site phase of the cycle, 
the pressure in the sweeping-gas layer is 
made greater than the pressure in the nu-
trient layer, so that the nutrient, containing 
the desired product (e.g., ethanOl), is forced 
out of the biocatalyst layer into the nutrient 
layer. Thus, the product dissolved in the nu-
trient is brought more rapidly into contact 
with the extractant in the lowest layer. The 
cycle is then repeated. 
This work was done by George S Ef-
thymiou and Michael L Shuler of Cornell 
Research Foundation, Inc., for NASA's Jet 
Propulsion Laboratory. For further infor-
mation, Circle 96 on the TSP Request Card. 
In accordance with Public Law 9&-517. 
the contractor has elected to retain title to 
this invention. Inquiries concerning rights for 
its commercial use should be addressed to 
H. Walter Haeussler, v.P. 
Dir. Patents and Tech. Marketing 
Cornell Research Found., Inc., 
20 Thorf7lNO()(j Dr., Ste. 105 
Ithaca, NY 14850 
Refer to NPD-17974, volume and number 
of this NASA Tech Briefs issue, and the page 
number. 
The Pressures In the Sweeping Gas and Nutrient are alternated to force nutrient liquid into 
and out of the biocatalyst layer through the hydrophilic membrane. 
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FIT 
Medical diagnostic instrumentation • Aero pace device 
FUNCTION 
Flexible heaters have their own built-in temperature sensors for fast 
re ponse dnd tight control. 
• Kapton, ilicone mbber. polye. ter insulation 
• R istance thermometers with platinum and other elements, 
thermocouple , and thermi;;tors 
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New on the M arket 
Global Speciaitle!>, e\\ Haven, CT, 
ha. announced PROTOL BT" a 
computer- imulated electronics 
laborator to build and test actual 
circuit. It con. i t ot a computer 
program designed to emulate a fully-
~tocked electronic~ lab and an in-
structional expenment workboo!... 
D signed for tBM P compatible or 
Macinto. h computer, PROTOL B 
come~ with a set of virtual instru-
ments including a voltmeter, am-
meter, dual-trace oscillo cope, ohm-
meter wattmeter, and sweep gen-
erator. 
Circle Reader Action umber 798. 
A high-velocity electric gun system 
that produces metal coatings harder 
and more den e than previously at-
tainable is available from TAFA Inc., 
Concord, H. Unlike other spray 
ystems that splay out at a short dis-
tance from the nozzle, the Arc jet™ 
GEC Plessey Semlcondudors, Scott stream maintains a more pencil-
Valley, CA. has introduced a fully- shaped contour. At a distance of 5", 
integrated image proce ing sub- the Arc jet has a coated deposit pat-
system for u e in real-time digital tern 0.8" in diameter, while the tan-
video syst ms. The PD P1 &488 can dard arc spray gun ha a pattern 1.2" 
removenoi eanda liasingeffectsor in diameter. Further, the velocities 
enhance edges for pa ttern recogni- of the spray particles are approxi-
tion purposes, and performs a two- mately 49 percent greater than with 
dimensional convolution between a standard gun, according to the 
the pixels within a video window manufacturer. 
and a set of stored coefficients. It Circle Reader Action Number 792. 
supports pixel rates up to 40 MHz, 1--____ _ 
and ha up to eight internal line The Bird, a six-degree-of-freedom 
stores. input device w hich allows move-
Circle Reader Act ion N umber 794. ment and rotation of I mage~ th rough 
f-----::::.. ____ ~---- I natural hand or body motions, has 
been introduced by Ascension Tech-
nology Corp., Colchester, VT. Us-
ing its onboard 1 &-bi t CPU, the Bird 
computes the posi tion and orienta-
tion in free space of it ti ny receiver, 
which can be mounted in a cube, a 
mouse, or any other housing. Out-
puts conSISt of X, Y, and Z positional 
coordinates and their correspond-
ing rotational matrix or orientation 
angles. 
Circle Reader Action Number 790. A new concept in relay switching, , ___________ ~_.., 
the Arcless Relay from Electronic 
Specialty Corp., Vancouver, WA, 
accomplishes switching without arc 
or bounce, which pre erves relay 
contact. When relay contacts are 
made or broken, power semicon-
ductors switch and carry the power 
load until the contacts have trans-
ferred. The Arcless Relay can switch 
current loads of up to 200 amp and 
voltages of up to 300 v DC and 200 
vAC. 
Circle Reader Action umber 800. 
The Industrial Encoder DIVISion of 
BEl Motion S ~tems Company, 
Goleta, CA, has announced a nevI· 
current ource! ink output on it 
optical shaft angle encoders. The 
Intertace is d{'signed for operation 
at 7.5 to 24V with 40ma source and 
30ma Ink capability. This option 
will provide compatibility with 
current ource electronics popular 
In European drives and controls. 
Circle Reader Action Number 788, 
VIDEO MTfTM, a real-time optical 
measurement system that allows 
instantaneous, sagittal, and tangen-
tial measurement of modulation 
transfer function (MTF) in lenses is 
offered by Optikos Corp., Cambr-
idge, MA. MTF is a measure of the 
quality and performance of lenses 
used in applications-simulated en-
vironments. The modular system 
uses Microsoft Windows 3.0, which 
provides for interadive comparisons 
of data and vivid ~raphics. 
Circle Reader ActIOn Number 796. 
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New Literature 
A new development tools catalog 
from Intel Corp., Hillsboro, OR, 
features the ICE'''-486 in-circuit 
emulator, which provides real-time 
emulation for the i486 microproces-
sor at speeds to 33 MHz. The publi-
cation also features an in-target soft-
ware debugger for the 80960CA, I 
the ONCE''' -386 SX adapter, and a 
2 Mb relocatable expansion mem-
oryboard forthe ICE -386 OX 25 and 
3J MHz emulators 
The HAMLIN LCD Division o(Stan- l Circle Reader Action Number 710. 
dish Industrie Inc., Lake Mills, WI, 
has published a 12-page brochure A 120-page catalog (rom Emulation 
detail ing its lineofliquid crystal dis- T~chnology Inc., Santa Clara, CA, 
plays (LCDs) and graphic and al- highlights VL~I and surface mount 
phanumeric LCD modules. The test accesSOrres. It desCribes over 
brochure includes specifications, 2500 products used to test, debug, 
dimensions, wiring diagrams, pin- and adapt plastic quad flat pack-
out assignment, and operating char- ages, socketed plastic-leaded chip 
acterisltcs. carriers, and other new types of 
Circle Reader Action Number 704. I packages. The accessories are used 
. . mainly with development systems 
Tile QUick Reference GUide 10 such as logic analyzers, and mem-
P?wer Sources, from . Wall Indus- ory and logic programmers. 
tries, Exeter, NH, details DC to DC Circle Reader Action Number 706. 
converters and AC to DC power 
supplies in the 1.5 to 150 watt range. 
Application notes cover measure-
ment techniques, fusing, output 
ripple/noise measurement, ground 
connections, and recommended 
load connections. 
Circle Reader Action Number 714. 
Industrial Computer Source, San 
Diego, CA, has issued the fa il/win-
ter edition of its cata log fea turing in-
dustrial computer systems and data 
acquisition, control, and communi-
cation products for the IBM PC/XT / Br 
--AT. New products are 20/15/1 0 slot 
chas is with built-in keyboard, 486/ ~ 
25 MHz and 386/25/33 MHz CPU Modern Vacuum Praclice from Ed-
cards, 19:' ra~k accessories, NO and wards High Vacuum Inte:national, 
communlcatl.on cards. ~nd LabTech Wilmington, MA, covers the meth-
N~tebook With IC?Nvlew. ods of producing and measuring 
Circle Reader Action Number 712. pressure in the high vacuum range 
-=--""~-
The Product Test System (PTS) Data 
Book from Thermotron Industries, 
I Holland, MI, is a 20-page resource 
for designing a turnkey environ-
mental test system. Eliminating the 
need to build custom test electron-
ics for environmental chambers, the 
PTS can evaluate many products si-
I multaneously. The data book pro-vides specifics on system applica-tions, integration specifications, 
function modules, and Thermotron's 
technical services. 
Circle Reader Action Number 702. 
NASA Tech Briefs, January 1991 
as well as sy tern construction and 
operation. The book illustrates the 
various equipment used in vacuum 
processes, such as dry pumps, tur-
bomolecular pumps, cryopumps, 
and measurement and control in-
strumentation. 
Circle Reader Action Number 708. 
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A View To The Future 
(Continued from page 12) 
would provide routine transit between the moon and Earth, 
and ultimately between Mars and the Earth. 
Building A Lunar Base 
If we're going back to the moon to stay, we're talking 
about major differences from the Apollo missions, much 
more than just planting a flag or chipping samples off 
rocks. We're talking about developing the capability to 
house and utilize large numbers of people, about creating 
the technologies for assembling bases. We're talking about 
using local resources to sustain humans for the longer 
term , This will require methods for extracting and process-
ing minerals in an alien environment, to recover oxygen, or 
in the case of Mars, to manufacture fuel. Further, it will 
require new technologies in life support systems, and new 
power sources-perhaps compact nuclear reactors. 
For a Mars mission, we're going to have to develop and 
send along maintenance vehicles, and we're going to have 
to enhance crew capabilities in diagnostics by using 
robotics . Robots will be needed for other jobs as well , such 
as identifying sites. We may want to send ahead a rover to 
survey the local terrain so we know where it's safe to land. 
We need to test new techniques on robotic missions, 
techniques such as aerobraking-using the friction 
between the spacecraft and the planet's atmosphere to 
slow the craft, rather than wasting fuel to accomplish this. 
The surface of Mars is approximately the size of the 
Earth's land area, so we're not likely to get very far on our 
first excursion. To extend the human exploratory capability, 
we may send out robots remotely operated from orbit or 
the planet's surface using technologies such as virtual 
presence. 
Spinoff Benefits 
SEI can act as a focal point and a catalyst for technol-
ogy development across a wide range of areas. One of the 
challenges we face in putting this program together is to 
maximize the technical and economic benefits to the 
nation. NASA has a long history of spinoffs, but in previous 
programs spinoffs have come after the fact. We want to 
build technology transfer into this program from the 
beginning, so we can maximize the interchange with the 
private sector and enhance the country's economic 
foundation . 
We've created an outreach program to gather innova-
tive ideas from the public, and we are talking about 
technologies with other agencies such as the departments 
of Defense and Energy. A synthesis group is going to take 
these ideas and come up with alternatives for implementing 
them, some comments on what our priorities in technology 
should be, and what near-term milestones we should 
establish to demonstrate real progress over coming years. 
We also have a presidential directive to carry out 
exploratory dialog with potential international partners, 
including the Soviet Union. Over the next several months, 
we will be having discussions with the Canadians, Europe-
ans, and Japanese to learn what their interests and capa-
bilities are in cooperating with the U.S. on this initiative. 
We're at the beginning of a long period of activity, and 
we have a lot of homework to do. Decisions on whether to 
proceed and how to proceed are still several years away. 0 
NASA Tech Briefs, January 1991 
Is your subscription 
about to expire? 
Check the expire date. If it is less than 
6 months now is the time to fill out a 
new qualification form before your 
subscription expires. 
NASA, NASA Tech Briefs, 
and the 
Technology 
Utilization Foundation 
are proud to announce 
San Jose Convention Center 
San Jose, CA 
December 3-5,1991 
For information on registration or exhibit 
space, call 
(212) 490-3999 
Circle Reader Action No. 589 
Circle Reader Action No. 366 
A 
ADHESION 
Measuring _0'1 and 
InCIO'I forces 
page 39 lEW·14903 
AIR 
AealiIaS propenoes 01 air 
and aor-plus-hyltogen 
1ll.lures 
page 30 AAC-12275 
ANIMATION 
Program generates m-
ages 01 soIld surfaces 
page 38 MSC2163G'49 
ALGORITHMS 
RecurSIVe 1n\Ief ..... 
by hOlte-mpulse-
response hllers 
page 51 AAC-12247 
ATMOSPHERIC 
MODELS 
Global refelence al· 
mosphere model - 1988 
page 35 MF5-28397 
B 
BEARINGS 
Model 01 bearing WIth 
hydrOSlatlC damper 
page 43 MF5-29654 
BIOREACTORS 
MerrtJrane biO<eactClf 
WIth pressure cycle 
page 55 Nf'O.17974 
Ilbleel 
Inlill 
BONDING 
Bonding aramd rope to 
metal fllbng 
page 47 MSC21618 
Elminatng unbonded 
edges ... expio5Ne 
bonding 
page 45 LAR·l4096 
c 
CARBON F1BERS 
lJgh\Welgh1 sUlslrales for 
murors 
page 32 Nf'O.17854 
CELlS (BIOLOGy) 
Cloned hemoglobin 
genes enhance growth 01 
cells 
page 54 Nf'O.I7517 
CERAMICS 
RadiographIC delecllon 01 
IIOIdS .n SoC and SoN 
CetatTllCS 
page 34 LEW·14881 
COMPUTER 
GRAPHICS 
Program generates IITl-
ages 01 solid surfaces 
page 38 MSC21630149 
CONTROL THEORY 
Slal&llanable representa· 
IO'IS for moving. 
awrage sampling 
page 48 MF5-28405 
COVARIANCE 
GeneraJozed covaIlance 
analysis for remo!e 
eStimates 
PdQ8 52 Nf'O.17824 
FREE REFERENCE CATALOG 
FOR YOUR TECHNICAL UBRARY 
PAGES 188 COLOR fUll O'iER 1000, PRO()Ucrs. 
Our new. full color catalog describes one 
of the largest and most diversified lines in 
the nation of precision lenses, optics and 
optical instruments plus many hard-Io-find 
scientific and technical products used in 
science, industry and by researchers. 
Circle Reader Action No. 461 
ADVANCED SHEAROGRAPHY NDT 
£S-9120 Shearography Deuelopment System 
Laser Technology, Inc. manufactures 
a full line of shearography systems for 
strain analysis, production NDT and 
field portable NDT for aerospace 
applications. 
Shearography is the new tool for very high speed 
inspection of metallic and composite honeycomb and 
bonded aerospace structures for unbonds, impact 
damage and other defects. A video presentation of flaws 
is displayed in real time using a shearography laser 
interferometer. The ES-9120 development system 
features fiber optic laser beam delivery, test chamber, 
programmable controls and scanning capabilities. It is 
the ideal shearography development system combining 
system flexibility and powerful NDT capability. 
Aluminum Honeycomb Panel 
Inspected with shearography 
shOWing cells and unbonds. 
Call Laser Technology, Inc. for the shearography solution to your NDT requirements. 
@) ~!~~J~.s!jN~~2~~A !!'!<?;'LEPHONE(21~ ~1-5043 • FAX ~15) 631-0934 
NASA Tech Briefs, January 1991 Circle Reader Action No. 629 61 
MARKETPLACE ToAdvertise-Call 
Free Standing Wire Grid Polarizers 
For Spectroscopy at Millimeter and 
Sub-millimeter wavelength 
AppIICalians 
• FAIHI Wlvelengtll PolarIzation 
• Interferometer Beam mVider 
· Variable RefleCtor 
· CIIIII*III DeVIce lor Long Wavelength Lasers 
• BIitaIIIe lor _ Vaclllll and cryogenic CondItIons 
CUstom design Ivllable 
Another quailly product f,o", Is PEe A C I 
ttI---Itr-
62 
SPECAC ANALYTICAL INC. 
301 Com merce Drive Tel (203) 366.5112 
Fairfi eld, CT 06430 Fax (203) 384·1524 
A Cambridge Electronics Industries (CEI) Company 
Circle Reader Action No. 621 
V Compact & Simple Design 
v Scanning and Feeding 
v Testing and Manufacturing 
v 747 Different Models 
v Send for free catalog 
CALL 800/ 642-6446 except NYS 
~ PO BOX 38 ELM EX INC E BLOOMFIElO NY 14443 PHONE 716 / 657-6151 
Circle Reader Action No. 447 
DATA ACQUISITION 
PRODUCTS 
for the PC 
Filled with applications information, 
competitive comparisons, 
waveform analysis techniques, 
hardware and software specifications, 
and DEMO DISK! 
We manufacture the industry's lastest data acquis~ion 
hardware and software designed for applications that 
demand a true real time dISplay With simultaneous disk 
DATAQ INSTRUMENTS, INC 
825 Sweitzer Avenue 
Akron, Ohio 4431 1 
Tel(216)434-4284 Fax(216) 434-5551 
Circle ReaderAction No. 505 
1991 Ie MASTER 
3,400 pages of Ie design 
specs at your lingertips. 
• Locate devices by function 
• Identify new and 
replacement ICs 
• ~ecode part numbers 
• Locate suppliers 
• 2 FREE semi-annual 
IC Updates 
Special pre-publication price only $135 per 3-volume 
set IT ordered before January 31 , 1991. 
Name ________________________ _ 
Company ____________ _ 
Address, __________ _ 
City State _____ _ 
Zip Phone _______ _ 
Send check with P.O. to: 
Hearst Business Communications, Inc. 
645 Stewart Ave., Garden City, NY 11530 
Att: Marie Botta M/S04 
(516) 227-1300 • FAX (516) 227-1901 
(Add sales tax in NV,MA ,IL, CAl Price valid in USA only 
Circle Reader Action No. 596 
SC/FOX VME soc (Smgle 80.ud Computerl 18 MI PS. &0 MIPS bu~. 
gCnC'fal-purpose. slol·1 Master/SlaveSYSlem Controller Up 10 640 K bytes 
Q..ws memory. I SCSI, 1 plr. 2 serial ports. Uses Ib-bil Hams RTX 2000, 
SClFOX PCS (ParaHet Coprocessor 5yslem) 15 MI PS. 50 MIPS bufSl. gen-
eral purpose PCiAT/386 plug-in boa/d. J2K to 1M byte O-ws static mem· 
ory. muhfple I"CS opcr.llion. SCSI option. Uses Hams RTX 2000, 
SC/fOX sac ISingle Board ComPutet) 18 MIPS. bO MIPS burst. Stand· 
alone operation, Eurocard size, 1 plr, 1 serial port. up to 5 I lK bylC5 0-
~ memory. 2 50-pin Usefconneclors.SCSI aplion. Uses Harris RTX 2000. 
SqFOX PCSJ2 (Par.lllel Coprocessor System 32. 15 MIPS 10 70 MIPS. 
genetal-purpose PC/ATjJ86 )2·bil plug-in board y" ith 64K 101M byte 0-
ws slilli<: memory. Uses 32-bil scn FOfth microprocessor 
Ideal for embedded real-lime conlrol, data C)cquisilJon. or high-speed 
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SILICON COMPOSERS INC (415) 322-8763 
208 California Ave., Palo Alto, CA 94306 
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FREE! 
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Page 
Catalog 
" Optics 
for 
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Fre~ 130 page product catalog from Rolyn, 
world's largest supplier of "Off-the-Shelf' optics. 
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;: Capacitec 
P.O. Box 819, 87 Fitchburg Rd., Ayer, MA 01432 U.S.A. 
Tel. (508) 772·6033 • Fax (508) 772-6036 
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Mini·Step serial motion system has driver, supply, 
CY545 motion control, and position sensor with 
slip detection to +/. 0 steps. High level commands. 
RS232 to any computer. Drives step motors in 
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VOICE MASTER~ SYSTEM II 
VOICE RECOGNITION & SOUND DIGITIZER 
FOR IBM pcm/AT/386/~86. PS/2. LAPTOPS 
• Add voice recogllJltOl'l 10 most exIStIng IASDOS 
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the USA Put a 
Cherokee dnve In 
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• Flexible packaging Options: 19" 
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access 
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Through the technology 
transfer process, many of 
the systems, methods, 
and products pioneered 
by NASA are reapplied in 
the private sector, 
obviating duplicate 
research and making a 
broad range of new 
products and services 
available to the public. 
A new analytical system directly measures the chemistry in 
advanced composite materials through the use of fiber optics. 
A NASA-industry team has consequent inaccuracies due to inter-
produced the first analytical system pretation and relevance of the signals 
capable of directly measuring reaction generated. 
chemistry in a variety of monomers "The new technique provides first-
and polymers. The patented invention, hand information about chemical reac-
dubbed the In Situ Fiber Optic tions as opposed to measuring 
Polymer Reaction Monitor, could lead secondary change," said Mark Druy, 
to significantly higher yields in the principal investigator of the system for 
manufacture of complex composite Foster-Miller. 
parts, with consequent reductions in The Foster-Miller/NASA fiber optic 
cost. NASA expects the technology to method is unique because it tracks a 
find numerous research and commer- fundamental aspect of a chemical 
cial applications in the aerospace, reaction - the vibration of atoms and 
environmental, and industrial arenas. molecules associated with the dis-
The measurement technique may sociation and formation of chemical 
alleviate problems associated with the bonds. The vibrational characteristics 
manufacture of carbon fiber compos- are picked up by a novel infrared fiber 
ite materials by recognizing the need optic sensor which is imbedded in the 
to redistribute temperature and composite part. These infrared trans-
pressure during the cure process. The mitting optical fibers are connected to 
monitoring of pure resin chemistry a Fourier Transform Infrared (FTIR) 
helps to yield optimum materials, spectrometer which can compute and 
since voids or imperfections can be display spectral changes in real time. 
compensated for during processing, The monitoring system may be 
according to Dr. Philip Young, a senior directly applied to materials and used 
polymer scientist at NASA's Langley in spacecraft and commercial trans-
Research Center, which aided Foster- port structures, said Young. Many 
Miller Inc. of Waltham, MA in develop- other uses exist for a sensor that is 
ing the monitor. universal to all organic materials and 
Current approaches to cure most inorganic gases. These include 
monitoring involve sensing of material monitoring the integrity of composites 
properties such as dielectric behavior in the in-service environment, the 
or ultrasound attenuation. While these remote sensing of hazardous materi-
methods have led to improvements in als such as in smokestacks, and the 
processing, they are limited in that examination of industrial processes in 
they measure only secondary resin reactors and furnaces. "With proper 
effects. The changes in resin chemis- development and funding," said 
try and hence important mechanical Young, "numerous unique applications 
properties must be inferred with are feasible." 0 
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H RE'S HELP FOR THE GOOD GUYS 
WHO WHITE COl S. 
I n the lab, factory or field, Scientific Solutions' 
products offer unlimited application versatility 
by coDverting your IBM PC/XT / ~ or 
compatible into a powerful data acquisition! 
control instrument. 
lab Maste ..... and Lab Master DMA no turn 
your PCS into powerful multifunction analysis 
instruments, supporting a variety of industrial 
process control and data acquisition applications. 
• 16 channels of U-bit analog- to-digital conver-
sion • 2 channels of 12-bit digital-to-analog con-
version· 24 bits of TTL-compatible I/O 
• 5 timer/counters with I-microsecond resolution 
• Menu-driven software • Support for all MS-
DOS® languages 
lab 'lender"" offers popular data acquisition/ 
control features at an economical price. 
• 32 channels of 8-bit analog-to-digital con-
version • 24 bits of TTL-compatible I/O 
• 5 timer/counters with I-microsecond resolution 
Base Board'" lets you customize your own 
digital interface solution. 
• Interfaces 4 Intel 8255A ICs • 96 digital input/ 
output lines • Optional daughterboard modules 
add features 
IEEE 488 gives you bidirectional communications 
with up to 15 THEE 488 devices. 
• Full IEEE 488 opro bus compatibility 
• Communicates with 15 devices· Menu-driven 
software • lotus Measure® compatible board 
available QEEE 488 LM) 
Stepper Motor ControDer for PC control of 
two stepper motors. 
• TTL outputs drive standard power transistors or 
motor translators • 6O-byte program buffer 
• Step rates to 10,000 steps/second 
Guaranteed Quality. Scientific Solutions' 
QlliclffiIm"" Quality Service program is your 
assurance of quality. If within the first six months 
of your two-year warranty, you have a problem 
Lab Ttndtr. The econom-
ical data acquisitionl 
control solution. 
Ub MfISIer DMA. A 
foJ/-/etJlrlred sohtJiafl jor 
diJIo aaplisitiOll/colllrol. 
with your Scientific Solutions product, we'll send 
a replacement within 48 hours. That's rnade-
in-the-US.A. quality ... guaranteed. 
For your FREE copy of Using A PC For 
Laboratory Data Acquisition write to Scientific 
Solutions, Inc., 6225 Cochran Road, Solon, Ohio 
44139. Or call (216) 349-4030. 
lab Masltf, lab Masltf OMI\. Lab Tender and 8a&e Board lI.demark> or 
Scieruif" Solutions. Inc.; Ql1idmlrn lJIIkmark ofT_II. Inc.; IBM. lIT 
and AT "!i<l""" lrademarlc> and PS/2 aod Mitro Cbannd trademarks of 
Inlt""'uonal 8usi ..... Maclunes Corp.; Lolus Measulf regi,,""" trademark 
Or l.oM OMiopmtnl Corp.; loiS-DOS "IiI""'" trodtmark .fMler.lOn Corp. 
(~)Copyri"" Scimtifoc Solutions. Inc.. 1931. All righu _Md. 
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SOLUTIONS 
DADiSP 2.0 
DADiSP. The Big Picture in 
Signal Processing 
DADiSP - interactive graphics and data analysis soft-
ware for scientists and engineers. DADiSP 2.0 delivers 
unprecedented power, through easy-to-use menus. Choose 
from hundreds of analysis functions and graphic views -
from tables to 3-D. Simultaneously display 
multiple windows, each with different data or 
analyses, for unlimited perspective on your 
toughest data analysis problems. 
Build your own analysis worksheets -
build and display an entire signal processing 
chain, without programming. And DADiSP's 
powerful graphic spreadsheet automati-
cally recalculates and updates the entire 
chain if you change your data or a 
processing step. 
Do serious signal processing ... the way 
you always pictur.ed it! FFTs, digital filter 
design, convolutions, waterfall plots, and more 
- all at the press of a key. 
Let your instruments do the talking - use DADiSP-
488 to bring data from your instruments directly into a 
DADiSP window for immediate viewing and analysis. 
Flexible, expandable, customizable - annotate your 
graphs and send them to printers, plotters, or publishing 
packages. Create your own macros, automate routine 
tasks, and run any program written in any language from 
within DADiSP. DADiSP even lets you build 
your own menus. 
A proven standard - already used by 
thousands of engineers and scientists world-
wide, in a whole range of applications like 
medical research, chemistry, vibration 
analysis, communications, manufacturing 
quality control, test & measurement, and 
more. DADiSP supports the IBM PC 
and PS/2, SUN, DEC VAX, HP 9000 and 
Concurrent families of personal computers 
and workstations. 
GET THE PICTURE! 
800-424-3131; In MA 617-577-1133 
Ask for our Evaluation Disk. For more 
information, write to DSP Development Corporation, 
One Kendall Square, Cambridge, MA 02139, 
or FAX: 617-577-8211. 
DSP 
Development 
Corporation 
Australia-[nterworld Electronics, 03 521-2952; England-Adept Scientific, (0462) 480055; Biosofl, (0223) 68622; France-SM2I. (I) 34810178; 
Sacasa. 69077802; West Germany-Datalog. (02166) 46082; Digilogger (7720) 38022; [S [nformatek (0631) 46007; [srael-Racom Eleclronics, 03-491-922; 
Italy-BPS Computers. (02) 61290221 ; Japan-Astrodesign. 044-751-1011; Netherlands-Computer Engineering Roosendaal. 01650-57417; 
New Zealand-GTS Engineering. (09) 392 464; Sweden-Systcc, 013 110140; Switzcrland-Urccb & Harr AG. 61 611325; Taiwan-Advantcch. 2-351-2117 
Circle Reader Action No. 652 
